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OUGHT EXAMS TO BE EXAMINED ? 


Years ago educationalists had to fight a 
battle to get it recognised that it is not 
the business of universities and colleges 
to teach current engineering practice. 
That battle has been long since won, and 
it is now accepted by all but a minority 
that a good technological education should 
be confined to fundamentals. It may be 
wondered, however, whether in the course 
of that battle, and as a consequence of 
having to reiterate the same truth in each 
generation since, too much stress may 
not now be laid on the teaching of 
fundamentals. For the consequence has 
been—since the boundaries of technology 
are forever widening—that even the con- 
finement of a course to fundamentals 
strains a modern syllabus to the limit. 
May not the stress laid on the need to 
teach fundamentals be doing harm ? 
That question is provoked by the paper 
which Mr. Love presented before the 
Institution of Mechanical Engineers last 
Friday and which is reprinted on page 737 
of this issue. For the fundamental need 
in education, once the three Rs have 
been imparted, is not really that of pro- 
viding knowledge at all! It is that of 
teaching students how best to make use 
of the brains with which they have been 
endowed ; and it is merely an incidental 
bit of luck that, in the process of teaching 
them to think, useful knowledge can 
also be imparted. Yet we have the 
impression, and so has Mr. Love and, to 
judge by the discussion of his paper, so 
have others besides, that many an 


engineering syllabus has become so over- 
weighted with “fundamentals” that the 
primary aim of education, that of teaching 
students to think, is in danger of being 
forgotten. 

It may be thought, of course, that 
explicitly to teach students to think would 
prove impossible. But for our part we 
do not believe it.: Indeed, in the Services, 
the attempt is deliberately made. The 
budding officer, early in his training, 
comes up against the “ Appreciation of a 
Situation” - and he is expected to 
express his thoughts under a series 
of headings very similar to those en- 
unciated by Sir Charles Renold and 
reprinted in Mr. Love’s paper. As 
Professor Cave-Browne-Cave pointed out 


‘in the discussion, throughout the whole of 


his training and on into service life, he 
will continue to be exercised in appre- 
ciating situations of growing complexity 
with the deliberate intention of improving 
his ability to think. Yet if Renold’s list 
of headings is compared with the instruc- 
tion given in university or college engineer- 
ing courses it is surprising under how few 
of those headings students will be found 
to be given exercise. In an examination 
question, for example, the problem is 
already defined, the data assembled and 
selected, the course of action laid down. 
Of Renold’s six heads only one can be 
deemed to be deliberately covered by a 
university or college training, though we 
hasten to add that all are implicitly 
present in the course, since professors will 


use similar processes of thought in lectures 
and discussions and the better endowed 
students will imbibe unconsciously. The 
point at issue, then, is whether teaching 
the student to think should be more 
explicit. Sir Charles Renold’s heads of 
a technique in thinking are not wholly 
applicable to a technological education, 
appropriate though they are for the 
consideration of executive problems 
unamenable to mathematical and exact 
solution. The first ana second are sound 
enough and the third will pass. The 
fourth might perhaps read “‘ consider the 
matter imaginatively to discover alterna- 
tive possible routes to a solution,” and 
the fifth, “develop each route to its 
solution.” The sixth could stand. Is 
there not, we. wonder, some means by 
which students could more effectively be 
exercised under the first three heads than 
at present ? Certainly it seems desirable, 
if practicable, to exercise a student under 
the fourth head. For the superiority of B 
over A in Mr. Love’s paper lies in just 
this imaginative perception of alternative 
routes towards a solution of a problem. 
Of course, innately, some people will 
prove better at this imaginative business 
than others. But, like any other quality 
of the human mind or body, performance 
can be improved with practice. Nor 
does it seem to us necessarily im- 
possible to devise suitable exercises. 

But whether it is practicable to devise 
a course explicitly designed to improve 
students’ powers of thinking is quite 
another question. Necessarily it would 
require the exclusion of some funda- 
mentals at present regarded as essential. 
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But there Mr. Bray, of the Ministry, had 
something to say that seemed to us very 
relevant. The boundaries of engineering 
knowledge are being pressed outwards so 
fast that, he said, “‘ he would be a very 
bold person ... who would care to tell 
us what sort of industries will exist in 
forty years’ time.” It is, indeed, by no 
means improbable that much of the kind 
of fundamental knowledge acquired by a 
student at university or college will not 
be the knowledge he needs in after life ! 
The virtue of his training may well lie, 
therefore, not in its fundamental content, 
but in its effect upon his mind. A severe 
root pruning of a syllabus, even if it 
appeared to remove essential studies, 
might prove beneficial if it gave time for 
the inclusion of studies more effectively 
stimulatory to the thinking processes of 
the mind. But, as Mr. Bray again pointed 
out, it is examinations that really settle 
the syllabus of an engineering course. 
If university and college courses are to 
be modified the nature of examinations 
must first be changed. This necessarily 
suggests that the first steps must be taken 
by the engineering Institutions. For our 
part we do not accept that Mr. Love has 
proved his point. We not only rather 
like A; we rather doubt whether he can 
ever be anything but A. But we do think 
that Mr. Love has made further inquiry 
desirable. Is there or is there not scope 
for more explicit training in thinking at 
universities and colleges? Is it practic- 
able? At the necessary sacrifice of certain 
fundamental knowledge would graduates 
so trained be of greater use to industry? 
Educational systems are perpetually under 
criticism, much of it uninformed, and 
much of it individual to the particular 
critic. But there was more substance 
in Mr. Love’s, and it was notable how 
many contributors to the discussion 
thought that an investigation would 
prove well worth while. Like them 
we feel that Mr. Love has made a case to 
be examined, and we think the major 
engineering Institutions, which, through 
their examinations and in other ways, 
exert so strong an influence upon educa- 
tional courses, would be the best bodies 
to study it. 


LONG RANGE AIRCRAFT POLICY 

Only a fortnight ago, calling for a 
courageous policy to secure the long-term 
prospects of British aviation, we recalled a 
series of aircraft, built to break fresh 
ground that had turned out barren. 
We urged the Ministry of Supply 
to be ready to build further ven- 
turesome machines. In the light of 
last week’s announcements from the 
Ministry, we have to re-examine our 
position. We learn that a mixed-power- 
plant intercepter has been ordered, and 
‘that an experimental vertical take-off 
aircraft is to be built. However, a rocket- 
and-turbine machine is but a halfway 
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house to the ram-jet aircraft, such as has 
been flown publicly on the Continent, 
although only test vehicles have been 
disclosed in this country. The nature of 
the experimental aircraft has not been 
disclosed, but such a wealth of different 
systems have been demonstrated in France 
and the United States that the construction 
of one machine is rather a negative than a 
positive decision. We can but speculate 
as to whether the proposed machine will 
draw upon this country’s present privileged 
position 0 possessing a working by-pass 
engine : such a plant would have great 
advantages at zero forward speed over 
the classical jet engines that have been 
exported for use in an American 
vertical take-off project. The Minis- 
terial view, as we understand it, is 
that the throttling restriction on our 
aircraft industry lies not in the production 
of machines but in their development to 
the production stage. That is a view 
that we can accept without difficulty. In 
a well-conceived aircraft, nothing is strong 
enough to undertake additional duties 
without modification, nothing is present 
that can be discarded when it has “ teeth- 
ing troubles.” ‘Altering a cross-word 
puzzle is play beside modifying an air- 
craft, even without considering the asso- 
ciated problems of providing spare parts 
and technical literature. Moreover, avia- 
tion is progressing as rapidly now as when 
three or four prototypes were built to a 
fighter specification. Obsolescence is an 
ever-present threat, and development work 
must be pushed through at a pace quite 
unsuited to a process that is essentially 
one of refinement. 

Tormented, no doubt, by _ this 
restricted power of development, the 
Ministry has made another decision 
of more immediate effect and of much 
more questionable wisdom: that of 
discontinuing the construction of 
Vickers “V.1000” transports for the 
Royal Air Force. Again a grim vision 
comes to mind of previous similar deci- 
sions. The post-war saga of large aircraft 
in Great Britain is not chequered but 
uniformly daunting. The Short “ Shet- 
land,” its development delayed by the 
accidental destruction of the first proto- 
type, was ready for use only when the 
pattern of British air line operation had 
crystallised around land planes. Three 
great flying boats await the development— 
and the production—of suitable engines, 
and, it may be, the maturing of city-to- 
airport air services. Even the relatively 
small and light “* Comet ” demonstrated 
that the manufacture of metal aircraft is 
far from a formal exercise. Our proud 
“* Britannia ” was, we recall, expected to 
enter service this year and now the long- 
range version is scheduled for the North 
Atlantic crossing in three years’ time. 
The North Atlantic route, because of the 
great concentrations of wealth and indus- 
try at each end of it, is of disproportionate 
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importance. All the major air powers of 
the western world operate that route, 
and adoption for that service js the 
accolade of the transport aircraft. When 
the jet airliners of the United Staies fly 
on this service they will dispense with the 
one or two stops that a “ Come: IV” 
will need if it is then flying b:tweep 
London and New York. Certainiy they 
are most unlikely to offer as low fares asthe 
“ Britannia,” but the prospect of 3ritish 
air lines specialising on “ steerage” pas. 
sages is forbidding. Apart from the 
chastening loss of prestige, the situation 
would be dangerous, since any recession 
would, first of all, drive the tourists back 
to surface craft, while the express routes 
would suffer less. Thus, we are forced to 
conclude that a long-range modern jet 
airliner will be needed in this country 
and at the same time we realise that the 
task of developing one from the prototype 
Stage is very likely to prove an over- 
whelming burden for any team completely 
strange to such a task. 

This great labour can only be con- 
pleted in a strictly limited space of time 
by a powerful body of engineers working 
as a team. If British aircraft are to bring 
us fame and trade as do British ships, 
such teams we must have. For that 
reason alone it might be worth while 
progressing with at least the prototype 
“'V.1000”’: for if we confine ourselves 
to conservative designs, we automatically 
circumscribe our development ability. But 
there are also other reasons for so doing, 
We have referred to the by-pass engine 
which, though type-tested, has still to gain 
approval for civil use. The makers have 
made clear their belief that the only way 
to prove a civil engine is to fly it on 
commercial missions, and we see the 
United States turbo-props undergoing 
precisely this treatment. The by-pass 
engines scheduled for the “ V.1000” 
could, the Ministry suggests, be employed 
in “ Valiant,” “‘ Vulcan” or “ Victor”; but 
since each has buried engines, we visualise 
the manufacturers viewing this prospect 
and the essentially large tail pipe of the 
“Conway” with the firm intention of 
effecting an installation in any other craft 
rather than one of those three! Inadequate 
weight control seems to have damned 
the “‘ V.1000” as a transport. Does the 
same factor damn it in its civilian form ? 
If it does then there is no more to be 
said than to express the hope (not very 
confidently) that on the drawing-board of 
some firm’s design office there is a proto- 
type under study by a suitable team and 
that this aircraft may be so rapidly 
developed as to replace the “ V.1000” 
If the “ V.1000” is not so damned as a 
civil craft then the wisdom of the Ministry’s 
decision is open to question. It amounts 
virtually to the abandonment of any 
British challenge to the supremacy of 
American transatlantic aircraft beyond the 
more immediate future. 
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Aircraft Prospects 


RECENT announcements by the Ministry of 
Supply show that restricted development 
facilities are dictating the pattern of the air- 
craft industry’s future. The Vickers-Arm- 
strong “* V.1000” long-range transport aircraft 
on order for Transport Command have been 
cancelled, the weight having become too 
great for an adequate performance with 
Rolls-Royce “* Conway” engines. Since 
British Overseas Airways Corporation has 
an assured supply of aircraft for about ten 
years, the Ministry does not intend to foster 
the civil version of this aircraft or any other 
new jet airliner. The Bristol “ Britannia,” 
B.0.A.C.’s prospective North Atlantic liner, 
will take the place of the “ V.1000”’ in the 
R.A.F., six of the 250 L.R. version having 
been ordered. The Ministry also observed 
that the cancellation of this military transport 
and the completion of ‘‘ Valiant ” deliveries 
would leave Vickers-Armstrong free to 
develop a succession of civil aircraft, and 
that the Ministry would, if necessary, con- 
tribute to the cost of developing the “ Van- 
guard.” The Ministry intends to supersede the 
highly satisfactory Hawker “ Hunter ”’ inter- 
ceptor with a heavily armed version of the 
English Electric “* P.I.’’ and with a derivative 
of the Fairey “‘ Delta 2.”’ Interceptor fighters 
propelled with jet engines and rockets had 
been projected by Avro and Saro, and on 
technical grounds the “‘S.R. 53” had been 
selected for development. Meanwhile the 
Gloster “* Javelin” all-weather fighter was 
now ready for service. Another project of 
long-term significance was an experimental 
vertical take-off aircraft being constructed 
by Short Bros. and Harland under the 
designation “ P.D.11.” 


Jubilee of Monel Metal 


THis year marks the fiftieth anniversary 
of the introduction of Monel metal, which 
was first manufactured in 1905 by the 
International Nickel Company of Canada. 
Monel, as is generally known, comprises 
some two-thirds nickel and one-third copper, 
with controlled amounts of iron, manganese, 
&c., and its development arose from a process 
applied to the nickel-copper ores from the 
company’s mines near Sudbury, Ontario. 
At these mines nickel and copper were being 
separated into nickel rich and copper rich 
portions by the Orford process,’ when it 
occurred to Mr. D. H. Browne and Mr. R. C. 
Stanley that the nickel-copper ore could be 
directly treated to provide a wrought nickel- 
copper alloy. The process was perfected by 
Mr. Stanley and the new alloy named after 
Mr. Ambrose Monell, the president of the 
company. The new alloy had valuable pro- 
perties of strength, resistance to attack by 
sulphuric acid, sea water, and high-pressure 
steam, and formed a valuable partner to 
wrought nickel. The first large order for 
the metal was placed in 1907 for use in the 
construction of the roof of the new Pennsyl- 
vania Railroad station in New York City. 
This roof was completed some two years 
later and still remains in good condition. 
Since that time more than 400,000 tons of 
Monel have been used for a vast number of 
applications. Its possibilities were first seen 
in this country by Lord Weir, and in 1923 a 
department was opened in the works of G. 
and J. Weir, Ltd., and the metal was used in 
the construction of marine pumps and other 
auxiliaries. In 1928 a subsidiary company, 





Monel-Weir, was set up to handle the 
expanding business. In 1932 this subsidiary 
was acquired by Henry Wiggin and Co., Ltd., 
a company which had been the first to make 
nickel-silver in wrought form in this country, 
and with its experience in the production of 
nickel-copper, nickel-chromium and nickel- 
chromium-iron alloys was well equipped to 
develop the Monel business. 


Mechanical Draught Cooling Towers 


Last Tuesday, a joint meeting of the 
Institutions of Civil and Mechanical 
Engineers was held, during which a paper 
entitled “‘ The Development of a Mechanical 
Draught Water-Cooling Tower,” by L. G. 
Smith and G. J. Williamson, was presented 
for discussion. During the war emergency 
constructional period, the paper pointed out, 
cooling water in various “‘ shadow ”’ factories 
was supplied by mechanical draught towers, 
because of the requirements of speed of 
construction, low initial cost, economy of 
timber and camouflage. Manufacturers’ 
designs at that time were clearly rule of 
thumb, the paper went on, and water cooling 
had not been treated basically as a diffusional 
process, involving the simultaneous transfer 
of sensible and latent heat, and no attempt had 
been made to determine the air velocity 
through the tower in the correct air/water 
ratio from the relation of power costs to 
capital charges. When it was decided to 
concentrate on mechanical draught towers for 
the L.C.I.’s post-war constructional pro- 
gramme at Billingham, development work 
was undertaken to improve them. Early 
development work included an investigation 
of film-flow packings, which had potential 
advantages over splash packings, and a 
satisfactory packing design based on cheap 
mass production was evolved. A design 
procedure was also established, whereby easy 
methods were used to calculate the leading 
dimensions of a tower in terms of the duty 
required, the packing characteristics, and 
the unit costs of power and capital. A non- 
splash water distributor was also developed. 
The full-scale towers of the larger kind con- 
sisted of one or more cells of 32ft by 32ft 
cross-section ; air entered through openings 
generally 10ft high, in the base of each side, 
and was drawn through the tower by fans in 
the roof, there being four 12ft diameter fans 
or one 24ft diameter fan for each cell. 
Originally a stepped packing arrangement 
was used, but a simpler flat arrangement was 
later adopted. Experience gained from the 
operation of the towers and from performance 
tests and laboratory experiments was described 
in detail in the paper. Cost data for these 
towers was also given. It was concluded that 
the mechanical draught grid-packed tower 
with film-flow packing, as described, had 
achieved a considerable advance in design 
over the splash-packed forced-draught tower, 
especially for the larger installations, but the 
advantage over modern splash towers, 
though positive, was much less. 


London Docks Inquiry Report 

IN June last the London Chamber of 
Commerce issued an interim report on the 
working of the London Docks. The report 
contained a number of suggestions which 
the Chamber considered might help to lessen 
delays to goods passing through the port. 
The final report, now issued, states that the 
two main causes of the delays are labour diffi- 
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culties and operational problems. Attention 
is drawn to the irreparable harm to the 
national economy and to the living standards 
of workers by recurrent strikes, and employers 
are urged to persuade the men and their 
unions that there is no intention of reverting 
to pre-war conditions in the docks. Con- 
cerning overtime, it is pointed out that in 
many industries it is necessary to work 
outside normal working hours. Although the 
London Chamber believes that abnormal 
hours of work do not promote efficient 
service, the report states that with goodwill 
on both sides it should be possible to ensure 
that men will be available to carry out 
essential work outside normal hours. Full 
mechanisation is advocated and every effort 
made to overcome the men’s opposition to 
it by convincing them that it does not involve 
dismissal of workers. On the subject of 
operational problems the report proposes the 
introduction, in an emergency, of a system 
to control the flow of goods to the docks 
and recommends that the extension of the 
practice of staggered loading} dates should 
be considered. 


Cycle and Motor Cycle Show 


Earits Court is now the scene of the 
thirtieth Cycle and Motor Cycle Show. The 
heavy motor cycle normally used for open 
road work shows little development, and the 
failure of the “‘ Vincent”’ to reappear has not 
encouraged any other manufacturer to en- 
close and provide weather protection on a 
high performance machine. There is again 
great activity at the opposite end of the scale 
in small-capacity machines. Recent changes 
in taxation have led to a sharp revival in the 
auto-cycle, with the pleasing result that 
pedal cycle brakes and absence of suspension 
are no longer expected to match even 
miniature motor cycle performance. Scooters 
now include indigenous designs, though, of 
course, they cannot be expected to reach the 
outputs resulting from favourable legislature 
in certain foreign countries. Sidecars are 
now more frequently provided with spring- 
ing for the wheel rather than the passenger. 
Three-wheeled cars are also prominent, 
emphasis being entirely on their economy. 
Engines and accessories reflect the needs 
of these vehicles in the emergence of 
dynamotors and gearboxes including reverse. 


Death of Mr. Norman Bridge 


WE have learned with regret of the death of 
Mr. Norman Cressy Bridge, which occurred 
at his home at Bridge of Weir, on November 
7th. He was the senior partner of Strain 
and Robertson, a Glasgow firm of consulting 
engineers, with whom he had been associated 
for nearly fifty years. Norman Bridge was 
born in London in 1883, and was educated 
at Streatham Grammar School, Cranleigh 
School, and at the Finsbury Technical 
College. He started his professional career 
in 1902 with the Newcastle upon Tyne 
Electric Supply Company, and two years 
later was engaged on electrification work on 
the former North Eastern Railway. His 
next appointment was as an assistant engineer 
with the Yor'shire Electric Power Company. 
Mr. Bridge joined Strain and Robertson in 
1907, becoming a partner in 1916 and senior 
partner in 1929. Among the many power 
schemes on which he was engaged during 
his years of consulting work may be men- 
tioned the Yoker and Clyde’s Mill generating 
stations of the former Clyde Valley Electric 
Power Company. Mr. Bridge was a member 
of the Institution of Mechanical Engineers 
and of the Institution of Electrical Engineers. 
He was a past-chairman of the Scottish 
branches of both Institutions. 
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Characteristics of Oscillatory Mass 
Instruments 


By A. K. JENKINS, B.A., A.M.I.Mech.E. 


Accurate recording of transient physical phenomena demands, inter alia, a know- 
ledge of the relationships between the recorded responses and the characteristics 
of both the recording instruments and the phenomena being recorded. Many 
instruments are fundamentally the same from a mathematical viewpoint, and this 
article (extracted from an unpublished Ministry of Supply report) presents the 
general response solutions of damped-oscillatory-mass instruments for a 
variety of impressed motions and pressures, together with graphical illustrations in 
a selected number of cases. 


ANY instruments, such as accelero- 

meters, velocity meters, displacement 
meters, pressure gauges, &c., are funda- 
mentally the same. They form a single 
group for the purpose in hand since their 
individual responses are all governed by the 
same basic second order differential equation 
with constant coefficients, viz. Z+2hanz 
+wn2z= f(t). Essentially, each comprises a 
resiliently mounted mass whose motion 
relative to the case is viscously damped, 
either by mechanical or electrical means. 
This relative displacement (or velocity) 
constitutes the output signal or response of 
the instrument, and a linear transducing 
device converts this to some convenient 
physical quantity which is frequently an 
electrical signal. Primarily. the response 
signal is the relative displacement in nearly 
every case, although with velocity meters 
operating on the flux cutting principle a 
differentiating device is inherently incor- 
porated so that the first tangible signal is 
proportional to relative velocity. Certain 


simple system outlined above but the great 
majority are not; they possess only two 
relevant physical characteristics, namely, the 
stiffness and damping per unit mass. This 
article does not deal with the rather excep- 
tional cases of critically or over-damped 
instruments, and for the analysis of the 
oscillatory responses obtained with under- 
damped instruments it is convenient to take 
the natural undamped frequency and the 
damping ratio as the relevant characteristics 
in lieu of the more fundamental ones of 
stiffness and damping per unit mass. Prac- 
tical expedients, such as the one of employ- 
ing strain gauge wires to record the relative 
displacement in addition to providing the 
stiffness, do not affect the issue. 

To provide a definite physical background 
for the analysis of seismic instruments, 
suppose it is desired to record the motion of a 
body in circumstances when no convenient 
datum is available. The instrument is 
rigidly attached to the body and an obvious 
essential is that its presence must not modify 








Nov. 18, 1955 


terms this means that the instrument mus: be 
“small ”’ compared with the body. As the 
subsequent analysis shows, the fidelity with 
which the instrument records either dis. 
placement velocity or acceleration of the 
body to which it is attached (or more »re- 
cisely, of the particular part of the bod» to 
which it is attached, in the case of non- gid 
bodies), depends on its own character ‘ics 
and upon the character of the body’s mo’ on, 
For example, an instrument with a nat.iral 
frequency of 10 c/s, and damping 0-7 of 
critical, will record, to within | per cent, the 
magnitude of any sinusoidal displacerient 
(within the range of its limit stops) wi: a 
frequency of 30 c/s or more;. for ‘uch 
motions, it is naturally called a “ disp! ice. 
ment meter.” Precisely the same instrurent 
will record to within 1 per cent the magnitude 





NOMENCLATURE 


M—Mass. 
x(t)—Absolute displacement of mass M. 
»()}—Displacement of case for motion recording 
instruments. 
x(t)— »(t)}—Displacement of mass M relative to case 
k—Spring stiffness, or rate. 
q=2Mhw.—Damping coefficient. 
Ge=2M@.—Critical damping coefficient. 
h=q/qe—Damping ratio. 
J.—Natural undamped frequency of mass M 
relative to case : 


1 Kk @ 1 


z(t) 


(Consistent units are M 


=—,/ —~=—=— in Ib, k in poundals/ 
2n¥ M 2% Ta foot, fe in c/s.) 
@—Angular frequency of impressed motion, or 


pressure. 

N=@/@s—Ratio of impressed to natural frequency. 
v—Output signal (voltage) of velocity meter. 
¢—Calibration factor for velocity meter. 


u. = A/k—Calibration factor for pressure gauge. 
p(t)—Pressure. 
A—Effective area of sensitive diaphragm of 
pressure gauge. 
F= A p(t)}—Force on diaphragm of pressure gauge. 
f(s)—Arbitrary function of time. 
A, B, A’, B’—Constants (in transient solutions). 
a—A constant disp! a 
v—A constant velocity. 
S—A constant acceleration. 
b, 0. by, c—Numierical constants (used as indices). 
A—A constant rate of rise of pressure. 
Q—A angular freq "2 
»—Parameter of dimensions [T}"* . 




































































































































































































































instruments may. be more complex than the. the motion to be recorded; in general +-—imensionless measure of time. 
0 ! 4 1-4 T T 
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Recorded velocity z is given by 13 | ! i | | l 
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Fig. 1—Response of seismic velocity meter to »=ft 








Fig. 2—Response of pressure gauge to p=(1000A)t 
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of any sinusoidal acceleration (within its 
range) of 4 c/s or less, and for such motions 
it may be deemed to_be an “‘ accelerometer.” 
Any a\:empt to use the instrument to record 
sinusoidal velocities is doomed to failure ; 
the minimum error is 30 per cent for impressed 
frequencies Of 10 c/s. and it exceeds 60 
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of their records. The object of this article 
is to give the general solutions of the responses 
for a wide range of motions (or pressures), 
especially transients, and by a very limited 
amount of graphical illustrations for selected 
cases, to provide some appreciation of the 
relationships between recording errors or 
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The roots of the characteristic equation are 


ait (G4) 4]. 


Corresponding to equal roots (i.e. a non- 
oscillatory response), we define critical damp- 





















































































































































r cent for frequencies above 30 c/s or distortions and the characteristics of both ing by 
below 4 c/s. In the above example, the the instrument and the motion (or pressure). ae\% k 
displacement of the mass relative to the D R I (45) =m 
case is regarded successively as a measure TAREE. 8: ne SIRT 
of displacement, acceleration and velocity. The equation of motion for M (Fig. 3) is: i.e. 
A clear appreciation of the factors deter- kz+qi=—Mx ek! 
ar é : : r 
mining the fidelity, or distortion, of records =—M(2+j) qc=2M F == 2M, 
‘ . ‘ ’ 
obtained from instruments of varying charac- _—... M 
teristics used for various motions, is clearly 1.€. Tinecfoss 
essential for the correct employment of such g4 454 k wee" (1) 
instruments and for correct interpretations “"M''.M 5b Ot q=hq,=2Mhw». 
Table I—Motion Recording Instruments 
Basic equation is 7 +2ht@.Z +@s*z=— JV. 
General solution is z=e ?s!( 4 cos wtV1 —h*+Bsin wat V1 —h*)+steady state solution. 
where @.=2nf,= di and /,=natural undamped frequency. 
= . . _actual damping 
and h= damping ratio= ~rtical damping ieoning’ 
uation of motion Typical h of motion | Constant A | Constant B ' Steady state Remarks 
gs | caw body y= y(t) - #T body scan | oa | solution 
@ in wt (constant | | 
(i) y=a sin @ nt) | rt 
amplitude a of dis- a2hN* | aN aN* . on Pe és = 
| placement) | L? | pvp — 2h*)N*— 1} | TZ sin (ot—e) ai dz 
| 
| | | 
= 
| | : yc We Teas, © acumen at 
P | 
(i) a | | | 1 vN 
iJ = on wt (constant) ee , . ‘ h rem , | (=) “LI L?=(1—N*)*+(2hN)* sin e=2AN >) 
| amplitude v of | opHl-N VT TN (2N *+4h*—1)] | s siete 
velocity) | 44hN%} ol 1—h | sin { (5+ )} s=tan | _ 2 (Lecse=(1—N*) 
| } 
| | EE Soe Fe Ce ERT Re le 2 
(iii) | i: f | | | 
eri sheen ra oe Us HN | hii | (4) Z 
stant amplitude ol Sad Wecatingees | a? Jae £0) ae a { 
| acceleration) "0 Coed ott Vinee AN} ine <1 
j f A JA. / | sin ,@i—({m+e ! 
| : | | 
0 | -aeen aa . on h H(t)=0 for 1<0, =1 for 1>0 
— | —a i 0 | Case (5) is trivial; response z is simply a 
| y 0 - } vi-# | damped oscillation from displacement “ a”’ 
| | 
—| aa” NER Bie eee a | in aides MIA 
© | y=S{1—cos wt) (com-| g/-—— | 
bination of cases (a) |@N* ve | ahN * : aN? ss 
— tf _ | vine tN” = 
Ma a IR | 
| ww w 2 e | 
(d) | y=vt (constant velocity a Kor as arts 
octane. 7 0 | 0 | eee ition tout 3° ponton 
, am) at y = 
vou onVI—-k | with initial velocity v 
bt | | 
— | —| [oo en -|------------—--—- 
(6) | y= 3" (constant accel. ! | | | 
t i ; 
tice telah tte es . # SL - | i, | instrument to be used as accelerometer 
na @,? Vvi—- i Qn l 
| 0 = | | | Cf. case II (6), with wpe as 
| 
| — | 
> | } 
(/) bt / P=b*+2hb@a+On" 
iy | ye”! for 1>0 b>o | + 2hbtde + tos 
(i) gp pad 1<0 : _(P-b» _ (b+he@s)(2hb + wa) | _F | 
| b<o | P P.Vi—-k# P | 
| P=)? + 2hby@a t+ On® 
0 t 
: g eh tices aie Pymmby? + 2hbyon + 00m? 
(ii) poght_ be for 120 | 
= t< ‘. 
(<0 5 by<0), | ae 1 JO hb, + con) — 28a + eon) Sut be cbt | T=(S—O9+(RO)") T sin B= RO, 
Regie Vinw Ps 7 , ; RQ F R=2Ahea—0) 
| B=tan"S— J S=ct— These tout 
Rs ac : Vr=(P—QYP+2ACM") y sin a=2eN 
‘) | yeae~* sin Qt (c>0) = tan V nett 
: y a(c?+.9%) a(c* + Q*){ (heo,— c) sin (2+8)—Qcos(@+P)}+aNt | act O) _ em Gar (eo ee 
tah, Sie ae Ton V 1-H Nil na 
dmapapiy sin (a+8) aisle oc 
0 t 











Norte.—The response to a single half sine wave displacement is, of course, given by case (a) (i) during the time of the displacement 
the subsequent response is seldom of practical interest. 
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Table Il—Pressure Gauges 
Basic equation is ¥ + 2hadaX+@s"X=p6s'p(t) 
General solution is x=e Mate 4 Cos @at¥ 1—A®+B sin wetV 1—h*)+steady state solution 


where = 20 fe=n/ x and /.=natural undamped frequency 


actual damping ge . “ rf 
critical damping u=—— calibration factor. p(t)= pressure 





tatio= 





Pressure to be Ypii Constant A Constant B Steady state solution 
recorded p(t) i 





P= Pe Sin oot UPe .. Ups ie 
Se — “ vat «JE 
ae sin (wt—) 
“Vine ee . . “ 
L'v1— L*=(1—N%)*+(2hN ) 


2hN 
= tag t= 
e= tan I-N? 





L sin ¢= 2h 


Locos e=(1 





papelnn (step 
— of pres- h H(t)=0 for 1<0 


=1 for 1>0 























p=N (constant 
rate of rise 
pressure) 




















P=b*+2hb@e+@s" 
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- t_ Pot I 
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(1 <0, b:<0) —— wen'pe — S 
Py= bq" + 2hbgedn + @s* 











T cos B= S— 0" 
R=2Ahws—c) 
S=c*—2hosc +a,' 


a : rr c) sin B— Q cos 8) ede'Pe Cl sin (Qr—B) 
Slope at TV1— T B= tan-"— hs 
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Note: The response to a single half sine wave pulse of pressure is, of course, given by case (a) during the duration of the pulse ; the 
subsequent response is seldom of practical interest. 


Table Ifi—Velocity Meters 
Basic equation is 2 +2hwez +@.*z= —¥ 
Genera! solution is 7 =e [A cos watV¥1—A* +B sin cont V1—h*] +steady state solution 


where w= 2rhe= /£ and /,~natural undamped frequency 


A 





and h=d et Gus 
critical damping 


ig ratio= 





Velocity to be recorded Typical velocity time curve Constant A Constant B Steady state solution Remarks 





‘ 


y=0 for r<0 o<---- | Deduced from case (d), Table I. 


=v fort>0 . 
if Recorded velocity z is always correct at :=0; 
sii P ee decay from v to steady state solution of zero 


depends upon @,» and A. 
Pe Displacement 
e If h=0, g =—Vv COS Wal. 


@, and A should be as small as practicable. 











Time 








. 


= ft’) Displacement jou, ao 


Deduced from case (e), Tablel 





Time 





Displacement 
Deduced from cases (a)(ii) and (6), Table I, or 
from equation (4). 
vN 

Lvi-# 

{(.—24)N*— 1} L sin ¢=2hAN 
e=tan™ Nt ae 
= L cos e=1—N* 


one. t= (1— N)*+(2hN )* 
N=> i'm (l- N+ 








Deduced from case (g), Table I. 
/ eae A’=constant A given for case (g), Table I. 
—ct.. B’=constant B given for case (g), Table 1 
pa am ON el BV 1—f*— Ah) | —eelB’R+A’V 1—F*) T T and 8 as given in case (g), Table I. 


a e+ (xan ync 
4H y= tan | K cos y= 


y= aK . e~ © cos (Qt+y) 
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Thus 4=1 corresponds to critical damping. 
Equation (1) becomes 


Z+2hwnz+o*z=—yY . . *. (2) 


with roots 
wnl—-h+jV 1—h’). 


If h>1, the response motion is non- 
oscillatory or aperiodic. Such values of h 


———> y(t) 


YT 
Yi iff, 

Vf UY Y 
WALA A, 
7 Body whose 7) k 
“, motion is con 


Z we A7M 


Fig. 3 


are rather exceptional with practical record- 
ing instruments and accordingly we shall not 
discuss such cases further. 

For 4<1, corresponding to a damped 
oscillatory response, the transient solution 
of equation (2) is ‘ 
z= (A COS gtV 1 — A? + Bsin ogtV1— fh) 

(3) 

The steady state solution, given by the 

particular integral of equation (2), depends, 


of course, on the nature of the function y(#), 
or rather j(f). 


r— x(t) 





> z(t) 
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The constants A and B are derived from 
the initial conditions. Since the mass M 
possesses inertia it can have neither (abso- 
lute) displacement nor velocity at time t=0, 
and thus the required conditions are x=x=0 
at t=0, i.e. z=—y and z=—y at t=0. The 
steady state solutions and the constants A 
and B have been derived for a number of 
simple mathematical forms of y(t); these 
results are recorded in Table I. 


VELOCITY METERS 


Many velocity meters operate on the flux 
cutting principle and are essentially seismic 
instruments. The relative motion (z) of 
“magnet” and “coil” is governed by 
equation (2) above and the output signal 
is a voltage v proportional to the relative 
velocity z. Thus z is taken as a measure of 
the case velocity y, and the fidelity of this 
method of recording will now be considered. 


1 1 
Output signal v=(2) where (z) is the 
constant of proportionality. 
Therefore 


z=6| ude. 


Equation of motion for M is 


1G fe 
















hl 
Recorded pressure p is given by 
1-0 


+ Palme 08 

P 
where h = damping ratio. 0-7 
Jn = 2nf,, where f, is the natural undamped frequency. 














0-6 
P =b?+ 2hbw,t w2 A 
Po Q- 
0-4 
0-3 
0-2 
0-1 
12 
1. Parameter ‘b’ to be chosen to give I 
desired decay of impressed pressure 
e.g. b= —1,000 corresponds to decay 10 
to 10%, of initial maximum value in time 09 


Th (is = 2-3 millisecs. 


2. Select appropriate family depending 

on f, p 07 
e.g. with b= — | ,000, top right hand P 06 
family corresponds to f,, = 2,500 ¢/s 
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0-3 
0:2 
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Fig. 4—Response of pressure gauge to p=p,e” 
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Therefore 

= | & 4 

i= | i fost aloe | : 
But 

2=x—y. 
Therefore 

y= c[ot ii Joa loa 


(4) 


This equation indicates the corrections 
(last two terms in bracket) to be made to the 


Force F=A p(t) 





-¢- Zero Position 


! 
Cee 


The essentials of a pressure gauge are shown diagrammatically 
in the accompanying sketch. The force F is simply the 
pressure p(t) multiplied by the effective area A of the sensitive 
diaphragm. A linear transducing device converts the displace- 
ment x to some electrical signal. 


Fig. 5 


output signal v for the accurate determination 
of the case velocity y. The corrections may 
be conveniently and automatically made 
electronically or, alternatively, the signal 
record v may be corrected graphically. 

As a general statement it is apparent that 
with sufficiently low values of stiffness and 


h=0-2 fn =—2°5b 


h=0-5 | Impressed Pressure p=p,e™ 
!h= 0-7 
h=08 


OF ee rs 


Pressure p=pye va 
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Recorded pressure p is given by 


= COS watVI—A® 
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where ;= damping ratio. 
@s=2nf,, where /, is the natural undamped 
frequency 
T*=(S—Q7*+(KQ * has p=RQ | 
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6—tan—o 3 | T cos B=S— af 
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Fig. 6—Response of pressure gauge to p=p,e~¢ sin Qt 


k 
damping (ir and i the corrections may be 


negligible ; the practical limitation with 
such an instrument is the provision of ade- 
quate relative displacement. 

The general velocity results for four 
particular motions are given in Table III ; 
all of these may be readily deduced from the 
corresponding displacement results tabulated 
in Table I, or from equation (4) above. 


PRESSURE GAUGES 


The essentials of a pressure gauge are 
shown diagrammatically in the accompanying 
sketch (Fig. 5). The force F is simply the 
pressure p (t) multiplied by the effective area 
A of the sensitive diaphragm. A linear 
transducing device converts the displacement 
x to some electrical signal. 


Equation of motion for M is 
F—kx—qx=Mx 


oy 3 A 
+ Bt a= MPO=en)) . (5) 


where 


A ‘ A 
u= p> &@ gauge constant (calibration factor). 


This equation is identical with equation (1) 
if y is replaced by —(po,*)p(t) and z by x. 
Pressure gauges which incorporate bonded 
strain wires, or some form of prestressing 
of the restoring spring, are operative for both 
“positive” and “negative” pressures (up to 
limit determined by the amount of prestress- 
ing); their response is given throughout 
by equation (5). In other gauges, the output 
signal is only applicable for “ positive” 
pressures and is zero for “ negative” ones ; 
in such cases equation (5) is applicable only 
to the “ positive” swings of the gauge and a 
limit stop is usually fitted which ensures zero 
signal during any “ negative” swings. 
Equation (5) may be written : 


¥+2hapX + on2x=(uo,) p(t). . © 


which corresponds to equation(2) on page 719. 
Assuming h<1, the transient solution is 
x=e "(4 COS @,f. V1—A? + Bsin ofV1 —h*), 


The initial conditions are x=x=0 at 
t=0, from which the constants A and B are 
determined. 

The steady state solutions, and the con- 
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stants A and B have been determined for g 
number of simple mathematical forins of 
p(t) ; these results are recorded in Table J]. 


GRAPHICAL ILLUSTRATIONS 

The accompanying graphs, Figs. 1, 2 
6, which illustrate four of the cases 
Tables II and III for selected values 
various parameters, are largely self-ex 
tory. Responses for values of the para: 
other than those selected for the illus 
graphs may, of course, be directly con: suted 
from the general formule given in the «bles, 

In general, high fidelity records with s: ismic 
displacement or velocity meters are ob :ined 
only if the natural frequency of the i:stry. 
ment is well below that of the impressed 
motion ; for accelerometers or pressure 
gauges, the natural frequency must be well 
above the impressed frequency. In this 
connection, the impressed frequency has a 
perfectly definite meaning only in the case of 
sinusoidal functions. However, with func- 
tions which rise to some peak value and then 
decay (excluding exceptional cases such as 
IK(b)), the frequency may be taken as that 
corresponding to a quarter period being 
equal to the time to the maximum ; with 
such an interpretation, the above general 
statements remain substantially true. 

It is clear that no sweeping generalisations 
can be made for the wide range of functions 
and instrument characteristics considered, 
which is only what one would anticipate 
from a physical point of view. The graphs 
give the general response features for their 
particular impressed functions ; in particular 
applications, reference should be made to the 
formule as necessary. 
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Mechanical Analogy to a Plastic 
| Hinge 


| 

By J. W. H. KING,* |M.Sc., M.I.C.E., M.L.Struct.E., and D. E. JENKINS, B.Sc. 
The use of “ analogous” plastic hinges for use with structural models in which 
modes of plastic collapse are being investigated, is described in this article. The 


plastic hinge is simulated by a device which is not destroyed when a plastic hinge is 
formed in the tests. 


T the present time increasing interest 

is being shown in limit design, and a 
number of theoretical methods of dealing 
with the analysis and design of stiff jointed 
redundant structures at collapse have been 
published. Collapse occurs when enough 
points have reached a bending moment 
equal to that developed in plastic bending 
for the structure to be converted into a 
stiff-hinged mechanism. 

Cases arise, however, where the number 
of alternative modes of collapse of even 
an apparently simple structure make a 
theoretical approach somewhat impractic- 
able. For instance, even the simple structure 
of Fig. 1 can fail by nine methods of sway 
collapse, fifteen methods of beam failure, 
and nine by fifteen methods of combined 
beam failure and sway, a total of 159 alterna- 
tives. 

In order to deal with such complicated 
instances more easily an experimental ap- 
proach must be considered. Unfortunately, 





* Professor of Civil Engineering, Queen Mary College, London. 
t urer in ical engineering at the Royal Military 
College of Science, Shrivenham. 


a replica of the structure needs to be made 
for each loading case investigated, and for 
each change in section of members con- 
sidered, and the task becomes even more 
burdensome, not to say expensive, than the 
theoretical approach, if normal model tech- 
nique is employed, since plastic bending 
virtually destroys the members bent. 

The authors have therefore developed an 
analogy to a plastic hinge which is capable 
of adjustment to develop a range of collapse 
bending moments and which is not destroyed 
by such collapse. Hinges of this type can 
be mass produced, and can be located in a 
model of the structure to be tested at all 
points where plastic bending failure is a 
possibility. Experimental loads can then be 
applied to determine the actual modes of 
collapse appropriate to several cases, after 
which complete analysis is simple. The basis 
of this analogy is as follows. 

A pin-ended Eulerian strut has an end 
load/end movement relation of the form 
shown in Fig. 44 ABC. The end movement 
initially increases very slightly with increase 
in load, being only the elastic compression 
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of the strut while still unbuckled. At the 
Euler crippling load x*E//L?, there is in theory 
a sudden change of slope due to buckling 
having taken place. After buckling the in- 
crease in end load required to produce a large 
increase in end movement is. very small. 











Frame Members Pinned 
to Hinge Assembly 














(b) 


(a) Detail of “ analogous "’ hinge for a rectangular joint in the 
structure. Strut length 1-12Sin. — : 

(b) Line diagram of frame exhibited. The small circles show 
possible plastic hinge positions. The frame has 159 possible 
modes of coliapse. 

Fig. 1—Plastic collapse analysis of plane frame. 
The ‘‘analogous’”’? hinge mechanism and possible 
hinge positions are shown 


This has been shown by Prescott{ subject 
to the condition that the strut remains 
elastic after buckling. In practice, however, 
the sudden transition at B does not take place 
and instead the change of slope is gradual 
as shown by the full line in Fig. 45. 
Consider now the case of a cantilever 
AB Fig. 2. If AB is of structural steel with 
a rigidly fixed end at A Fig. 2a, the relation 
between bending moment at A and the change 
of slope of a small length x is as shown in 


t The Elastica. Applied Elasticity, 1924, page 99. 
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Fig. 2h. In the case of the cantilever shown 
in Fig. 2c, the end A is a pin joint and a pin- 
ended Eulerian strut CD is placed to develop 
a moment of resistance at A to the external 
moment. The end load in the strut is pro- 
portional to W and the end movement of 
the strut is proportional to 9 for small 
rotations so that the bending moment/ 
rotation relation for this case is as shown in 
Fig. 2d, i.e. it is similar to the relation shown 
in Fig. 45. 

The analogy is based on the similarity of 
Figs. 2b and 2d. Although it is not an exact 
analogy for large movements, it is sufficiently 
close where the change of bending moment 
with rotation is very small, and particularly 
where in case (a) a plastic hinge has just 
formed and in case (c) the Euler strut has 
just buckled. 

The rectangular analogous plastic hinge, as 
it is called, is shown in Figs. 1 and 6. It consists 
of a fixed web of four members riveted to- 
gether at right angles by means of bosses 
on each side. The bosses locate the hinge 
pins of the swivel webs on centre lines at 
45 deg. to the fixed webs. The pin ended 
struts, not shown in Fig. 6, are inserted 
between the swivel webs and the fixed webs 
and are held in position by the strut stops 
on the webs. The swivel webs represent the 
ends of beams or columns and thus the struts 
are in a position to develop a moment of 
resistance at the hinge pins if an external 
bending moment be applied to a member 
of the frame. It is to be noted that there is 
no provision for analogous resistance to 
axial load, which is normally ignored in the 
preliminary analysis of stiff jointed struc- 
tures. 

Fig. 5 shows how the rectangular analogous 
plastic hinge can be adapted for insertion at 
various sections of a frame, merely by the 
removal or addition of swivel webs. The 
struts are shown in position in this drawing. 
The foot hinge is made with a base plate which 
can be screwed in position to form the base 
of a column. 

The load carrying capacity of a model 
frame incorporating the analogous plastic 
hinges is dependent only on the Euler crip- 
pling load of the struts, their eccentricity 
from the hinge pins and on the lengths of the 
members of the frame, so long as care is taken 
to make the members of the frame more 
than strong enough to resist elastically the 
ultimate moments of resistance of the analo- 
gous plastic hinges. 

The ultimate moment of resistance of a 
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Fig. 2—The mechanical analogy to a plastic hinge 
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joint can be varied by altering the cross 
section of the struts employed and by chang- 
ing the lengths of the struts and therefore 
their eccentricity also. To facilitate changes 
in the position of the struts the webs are 
slotted so that the strut stops can be moved 
in position. 

The strut material used in the prototype 
was hardened tempered polished spring steel 
strip and the authors found that twenty 
stock sizes of this ranging from 0-006in to 
0-010in in thickness in 0-00lin increments 
and from 4in to gin in width in fin increments 

















P 
at Cc 
4 ? phe) SN vance ae 
Fy v i 
i i 
i 
; pe 
1 ol 
1 | 3 
\ =) 
\ Rs 
\ 
O- 
\ AT End Movement 


P 
(a) (b) 
Fig. 4—The end load/end movement relation for an 
Eulerian pin-ended strut 


were adequate. These sizes gave a range of 
Euler crippling loads from 1-18 Ibs to 10-3 lb 
for a strut length of 14in which gave a con- 
stant hinge lever arm of 1-27in. The rectan- 
gular analogous plastic hinge was designed 
for mass production. The four fixed webs 
were formed from two identical strips which 
slotted across each other and the swivel 
webs were machined and drilled in the same 
jig as the fixed webs. Furthermore, the 
milling operations were carried out on a 
stack of components at the same time. 
The analogous hinge was made of duralumin 
for lightness and freedom from corrosion 
and the hinge pins were made of stainless 
steel. 

It will be noted that the hinge pins are 
eccentric to the centre line of a joint, by jin 
in fact. The authors consider that this 
eccentricity is desirable since in practice the 
stiffness of a joint is greater than that of the 
members framing into it, and plastic bending 
occurs at the end of a member, rather than 
in the joint itself. 

A model frame incorporating the plastic 
hinge analogy must be tested in the horizontal 
plane, as, owing to constructional details, 
it is laterally unstable. Each point of a frame 


—— Mean loading line for a set of 6 struts. 
--~--- Mean unloading 29 90 9p on ee 
¥7g'x 0-008" Spring steel strip. 


3 4 5 
Rotation in Degrees 


3—Typical bending moment/rotation relation for rectangular 
whe : analogous plastic hinge 
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can be supported on a ball bearing recessed 
into the bottom boss thus allowing freedom 
for movements of translation and rotation, 
over lightly oiled skid plates fixed to the 
table beneath each joint. 

Each analogous plastic hinge contains 
two struts, only one of which is loaded at 
atime. As rotation occurs at a hinge point 
one strut buckles while the other tends to 
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drop out of position. This is forestalled by 
soldering a small tab of 30 gauge spring 
steel wire to the end of each strut, which is 
accommodated in the web slot and supports 
a strut when it is unloaded. The tab is short 
enough not to interfere with the end con- 
dition of a loaded strut. 

An examination has been made of the 
variables affecting the consistency of be- 
haviour or the analogous plastic hinge. The 
accurate measurement of the cross section 
at 6in intervals of 20ft lengths of twenty 
different sections of spring steel strip showed 
that while the variation of the second moment 
of area from the nominal value was con- 
siderable (which was immaterial), the co- 
efficient of variation about the actual mean 
value was at the worst only 3-5 per cent. 
The value of Young’s Modulus for the spring 
steel strip, which was determined by a 
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Fig. 7—Model of stiff-jointed plane frame with ‘‘ analogous ” hinges 
collapse. The method of applying loads can be seen 


miniature bending test, was in the range 
28—30 x 10° Ib per square inch for different 
sizes of strip but was constant for one size. 

It is necessary to ensure that the struts 
always buckle inwards so as to ensure con- 
stant end conditions. This is achieved by 
inducing a final residual curvature of about 
150in radius (or 1-linx10~in maximum 
ordinate on a fin length) in each strut, by 
bending round a former of appropriate 
diameter. It is necessary to make allowance, 
of course, for the residual curvature which is 
always present in the strip when delivered 
as coils. 

A typical bending moment rotation curve 
for a rectangular analogous plastic hinge is 
given in Fig. 3, where loading and unloading 
lines are shown which are the mean of six 
determinations. The maximum inconsist- 
ency obtained on testing seventy-two sets of 
six struts of twenty different sizes was +4 per 
cent on bending moment. The elastic be- 
haviour of the struts even for rotations up to 
8 deg. should be noted. This allows repeated 
use of the analogy in tests which aim at giving 
a simulated failure by plastic collapse, 
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Fig. 6—Exploded view of rectangular analogous plastic hinge 
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to determine mode of plastic 


Where the only function of the hinge 
analogy is to determine the points of collapse, 
the hinge as described is adequate. Where a 
quantitative relationship between M and 8 is 
desired, it is necessary to place rigid struts 
across any blank quadrants not containing 
a hinged web, in order to counteract flexure 
of the rigid webs under the loading imposed 
by the compressed spring steel struts. 

An illustration of a model under test in the 
laboratory is shown in Fig. 7, where the rigid 
struts can be seen in use at most of the beam 
ioints. 

Using this hinge, trial designs of a structure 
are easily carried out. Members are made ofa 
length to suit the line diagram of the structure 
from circular section rod, and are slotted into 
the connectors and located by grub screws. 
The hinge stiffnesses are controlled by 
insertion of the appropriate struts, of which 
a range of sizes is stocked. These may be 
changed readily to examine the effect of 
relative stiffening or lightening of any mem- 
ber. Loads can be applied by any con- 
venient method, the authors finding that 
strings passing over pulleys, and carrying 
dead loads are the most convenient. Stops 
may be provided to prevent excessive dis- 
tortion if desired. As a moderately dis- 
torted structure recovers elastically on re- 
moval of the loads (since the Euler struts are 
only elastically bent), the model is virtually 
permanent, and may be used indefinitely 
for a wide variety of structures, either for 
instruction in the laboratory, or for trial 
designs in practice. 

A model structure of which Fig. 1 shows the 
line diagram was exhibited by the authors 
at the Conversazione of the Institution of 
Civil Engineers, on June 23, 1955. The 
prototype is permanently installed in the 
civil engineering laboratories at Queen 
Mary College, where it is used for demon- 
strations and research. 





CLADDING FOR STEEL-~FRAMED BuILDINGS.—A glass 
panelling for cladding steel-framed buildings has been 
introduced by Pilkington Brothers, Ltd., under the 
name of “‘ Muroglass.” It is a rough cast glass, with 
or without wire mesh embedded, with a coloured film 
of vitreous enamel fused into one side. It is opaque, 
and is intended to give architects a choice of colour 
for the large spaces between windows; in use, 
it is claimed to be immensely durable, to keep 
clean, and to be less expensive to install than com- 

ble materials. It is supplied in lengths up to 
re in widths of 24in or 48in and, at present, in six 
colours. 
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Building Exhibition at Olympia 


HE iwenty-sixth building exhibition was 

opened on Wednesday last, November 16th, 
at Olympia in London. This exhibition is a 
biennial event, and, traditionally, covers all the 
varied activities carried on by firms associated 
with the building industry. According to the 
promoters, fifty industries concerned with 
building are represented ; there are, in. fact, 
600 stands at the exhibition, which occupies 
350,000 square feet. The exhibition will be 

n until November 30th. In the brief 
review we publish hereunder, we have con- 
centrated on those exhibits with an engineer- 
ing bias, and in this more restricted section of 
the exhibition we have aimed at describing only 
those exhibits which appear to have some novelty 
of design or which introduce improvements. 

At the last building exhibition in 1953, the 
“theme” of the exhibition was prestressed 
concrete. This year “timber as a_ building 
material ’’ has been taken as the central motif, 
and is the subject of a special display in the 
National Hall gallery at Olympia. The display 
includes a stand exhibiting developments in the 
engineering aspects of the use of wood. Many 
of the leading timber exporting countries of the 
world are represented in this display. Some 
‘notable British achievements- are shown, as 
would be expected, on the stand of the Timber 
Development Association, so we give, first of 
all, an account of the Association’s exhibits, 
followed by some examples of woodworking 
machinery which may be seen at the exhibition. 

The Timber Development Association, 21, 
College Hill, London, E.C.4, emphasises, on its 
stand, the structural uses of timber for industrial 
and agricultural buildings, public buildings and 
schools. The development of various types of 
metal plate and ring connectors, the Association 
points out, has enabled timbers of small section to 





Fig. 1—Model of the assembly hall of Rangoon University. A 
is cut away to show the portal frame supports. The dome is 153ft long and 93ft wide 


be joined efficiently in the construction of lattice 
girders or large-span trusses. Such assemblies 
are simple to fabricate in the shop or on site, and, 
being light, are easy to erect, it is claimed. 
Illustrations of a storage building 440ft long 
by 163ft wide at Hull, and the T.D.A. standard 
truss 57ft 6in span exemplify work undertaken 
in this country. 

_ Nailed assemblies have been highly developed 
in the Scandinavian countries ; an example is a 
storage shed in Finland, 384ft long by 125ft 
wide, constructed on the “‘ HB” system. Glued 
laminated timber assemblies have a high strength- 
weight ratio, it is pointed out, and have possi- 
bilities in the formation of arched and shell 
structures. Lamination can also be adopted in 
the construction of large span beams or bowstring 





trusses. Illustrations show the use of these 
assemblies for storage buildings, warehouses and 
factories in the U.S.A. and in this country. 
Lamination is a technique suitable for the pro- 
duction of standardised components for farm 
buildings whose functional requirements are 
liable to little variation. An example of what can 
be achieved is shown in progress photographs 
of the erection of an implement shed in the U.S.A. 
constructed of mass-produced laminated timber 
ribs covered with plywood. 

The Association has developed a rigid frame 
system to provide a range of farm buildings 
with spans from 11ft to 33ft. It consists of timber 
rafters and posts, joined together by bolting to 
steel channel sections, welded and drilled ; 
further strength is derived from the inclusion 
of single-sided, toothed-plate connectors. The 
posts are anchored to concrete foundations by 
steel angles. The development of modern glues 
has resulted in the production of exterior weather- 
proof plywoods, as shown in the illustrations on 
the stand. 

The most interesting structural exhibit on 
the Association’s stand, however, is the model 
of the assembly hall of Rangoon University, 
illustrated herewith (Fig. 1), the prototype of 
which is at present under construction. The roof 
of the hall will be a dome built of five teak 
laminates, 153ft long by 93ft wide, and resting 
on portal frames at each end. The laminated 
shell will consist of five layers of teak boards 
glued and screwed together. The first laminate 
is to be tin thick, and the subsequent layers gin 
thick. Laminates are to be laid down in the 
following sequence—longitudinal, transverse, 
two opposite diagonals and longitudinal. Two 
curved laminated edge beams, which also act as 
ties, are to be of 12in by 9in section, spanning 
111ft 8in on each side of the shell. The shell is 


section of the laminated timber dome 


to be pierced by 24in diameter holes for coloured 
glass lights. The roof structure as a whole is 
to be supported on two tubular steel portal 
frames set 111ft 8in apart and the edge beams 
carried on sixteen intermediate steel columns. 
Formwork for the construction of the roof 
will consist of rough timber arches spaced at 2ft 
centres, with pierced rocker-plates screwed to 
the top side. Thése arches will be supported 
on scaffold towers with screw adjustments at 
the top and bottom of the tube, and fixed with 
screw steel channels. When final adjustment is 
completed, the first layer of teak boards, laid 
in the longitudinal direction, will be temporarily 
fixed to the rocker-plates from the underside 
with screws. The second layer (in the transverse 
direction) will then be placed -in position and 
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glued and screwed, and subsequent layers applied 


in a similar manner. When all five layers have 
been laid down, the holes for the roof lights 
will be cut. Laminated rings containing the 
lights will then be inserted and glued and screwed 
into position. The top layer of boards is to be 
finished with wood preservative. The final 
operation will be the removal of the screws 
temporarily holding the bottom layer of boards 
to the timber arches ; formwork and scaffolding 
will then be struck. Rangoon University is 
being constructed to the designs of Raglan 
Squire and Partners, but the consultants for 
the shell roof are Ove Arup and Partners ; the 
— is being carried out by Taylor Woodrow, 
Ltd. 


WooDWORKING MACHINERY 


The woodworking machines displayed on the 
stand of Wadkin, Ltd., Leicester, includes 
standard designs of large and small machines 
as well as special high production machines for 
large builders and joinery manufacturers. One 
machine of interest is an improved design of 
double-ended tenoner, which is built on smaller 
lines than the firm’s earlier machines and is 
intended for plants where the volume of work 
does not justify the larger machines. This new 
machine is designed to take up to 6ft 6in between 
the heads, but sizes up to 8ft 6in can be catered 
for by the use of a special long bed. The machine 
can be supplied with any combination of heads 
ranging from ohe saw on each headstock up to a 
full complement of two tenoning heads, two 
scribing heads and two cut-off saws. 

A recently introduced Wadkin machine is the 
open-end belt sander illustrated in Fig. 2, which 
follows the general design of earlier machines 
but incorporates a number of improvements. 
As can be seen, the machine is of the overhead 
type with four pulleys, and it has swan-neck 
columns which permit any length of work to be 
sanded. The height. of the work table can be 
adjusted to permit work up to 23in deep to be 
accommodated under the sand belt. A travelling 
pressure pad mounted on steel bar runways 
moves along the belt over the full length of the 
table. This pad is spring counterbalanced in 
respect to the belt and its mounting is so designed 
that the pad always remains square with the 
belt and in the same plane. 

The table of the machine is of laminated wood 
construction and it slides on ball bearing rollers 
on the circular tracks. The main sanding pulley 
and top idler pulley are enclosed in a dust hood, 
the bottom part of which acts as a nozzle to 
collect the dust. The dust is exhausted from the 
rear at the top of the hood immediately opposite 
the top idler pulley, at the point where the 
grain of the sand belt opens as it passes over the 
pulley. This ensures the maximum possible 
discharge of dust and is an important factor in 
ensuring clean working of the machine. 

Amongst the woodworking machines of 
improved design shown by Thomas Robinson 
and Son, Ltd., Rochdale, is the tilting spindle 
saw bench illustrated in Fig. 3. In this machine 
the motorised saw spindle is arranged to rise 
and fall and to tilt at up to 45 deg. The riving 
knife is carried on the motor assembly and 
adjusts with it, whilst the fence and mitring 
fences can be tilted and swivelled. A rolling 
front portion is fitted on the horizontal table of 
the machine. This firm is also showing a 54in 
vertical band re-saw which is fitted with feed 
rollers tiltable up to 10 deg. for bevel sawing. 
The saw has a six-speed gearbox in its drive and 
it cannot be started if incorrectly strained. 

One of two new woodworking machines made 
by Thomas White and Sons, Ltd., Paisley, is the 
36in double-drum sander shown in Fig. 4. In 
this prototype machine the oscillation of the 
drums is synchronised with the speed of rotation 
and the abrasive paper is wound on to the drums 
in the form of a spiral. It has a conveyor table 
which floats on knife edges, and the drums are 
driven by individual built-in motors. The drive 
to the conveyor is by Fenner expanding pulley, 
which gives.a stepless range of feed speeds 


from 14ft to 35ft per minute, and the feed 
speed is clearly indicated by a tachometer. 
The electrical and mechanical controls are 
conveniently grouped at the operator’s working 
position and although the electrical starters and 
feed motor are enclosed within the machine 











frame, they are readily accessible. A single 
exhaust hood which covers both drums is hinged 
to allow it to be swung clear for changing the 
abrasive papers or for adjustments. 

A new automatic plane iron grinding’ machine 
made by this firm is intended mainly for the 
dry grinding of planing knives up to 36in long. 
The machine can also be adapted for wet grind- 
ing, and attachments can be fitted for gulleting 
saws, sharpening solid profile cutters and for 
regrinding moulding irons. 

The stand of this machine is a single box 
casting provided with accurate seatings for the 
table slide and grinding wheelhead. A high 
tensile steel spindle carrying the cup grinding 
wheel is horizontally mounted on precision ball 
bearings and is driven by an endless flat belt 
from a motor enclosed within the stand. 

The knife to be ground is fixed to a cast iron 



























Fig. 4—36in double-drum sander with feed speeds 
from 14ft to 35ft per minute 


rest which can be adjusted to provide different 
cutting angles. A rigid bed with precision 
ground slideways carries the reciprocating table 
and knife rest. Alternative methods are pro- 
vided for feeding the grinding head forward 
either by spring loading or by positive ratchet 
feed, which gives a stock removal of 0-00025in 
per pass. 

The sawing equipment displayed on the stand 
of Stenners of Tiverton, Ltd., Tiverton, Devon, 
includes a recently developed heavy duty cross- 
cut machine with an infinitely variable hydraulic 
saw feed up to 90ft a minute. 

This machine has a rigid fabricated steel base 
within which the main drive is completely 
enclosed. The saw carriage and motor assembly 
is carried through ball bearing rollers on slides 


Fig. 2—Open-end belt sanding machine 
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within the base, with the working area of the 
saw projecting up through a slot in the table of 
the machine. The illustration, Fig. 5, of the 
machine shows it after removal of the top cover 
— carries the guards, fence and idle feed 
rolls. 

In operation, the saw carriage is moved by a 
hydraulic ram pulling the saw forward across the 
work towards a fence, which provides a work- 
stop at the front of the table. The saw-guard, 
forming part of the top cover, is arranged to give 
maximum protection whilst cutting and it com- 
pletely encloses the saw when it is running light. 
Hydraulic fluid is supplied to the carriage- 
actuating cylinder by a motor-driven pump at 
the side of the machine, and the valve controlling 
the rate of admission of fluid to the cylinder is 
operated by a pedal bar at the front of the 
machine.. The speed of saw movement is con- 
trolled by the pressure applied to the pedal bar 
and is infinitely variable up to a maximum speed 
of 90ft per minute. The hydraulic cylinder is 
double-acting and when the pedal bar is released 
on completion of the sawing operation the car- 
riage returns at a constant speed of about 120ft 
per minute to its rearmost position. 

The new machine is being made in two sizes, 
one with a 32in saw for work up to 30in by 10in, 
and the other with a 24in saw for work up to 
24in by 6in. 


Some Pump EXHIBITS 


Pump manufacturers are well represented 
among the exhibitors and equipment for all classes 
of duty for stationary, mobile and portable 
pumps is shown by the various firms. Amongst 
the pumping equipment of new design to be seen 
is the “ Diavert’’ diaphragm pump, illustrated 
in Fig. 6, made by Goodenough Pumps, Ltd., 























Fig. 3—Tilting spindle saw bench 


70-72, London Road, Twickenham, Middlesex. 
This pump is mounted on a trolley, and by the 
use of light alloy castings for the diaphragm 
housing, crankcase and chain case the weight 
has been kept down to 200 Ib. 

The pump, which has 3in suction and discharge, 
has a vertical diaphragm which is clamped to 
the alloy housing, the front section of which 
forms the suction and discharge manifold. This 
manifold or liquid duct is designed to prevent 
large stones and solids from reaching the dia- 
phragm, thereby reducing wear and the possibility 
of damage. Although the diaphragm is com- 
pletely enclosed, it is easily accessible and 
renewable, as are the flap valves in the suction 
and discharge branches. 

The crankcase contains a plunger rod carried 
in substantial bearings, lubricated by a pressure 
oil system incorporated in the crankcase. Gear 
reduction is effected by chain mechanism housed 
in a light alloy case, and each reduction unit is 





Fig. 6—Trolley -mounted ‘‘ Diavert’’ diaphragm 
{pump driven by 120c.c. petrol/paraffin engine, 


carried in dual ball and roller races. The standard 
pump is driven by a 120 c.c. B.S.A. air-cooled, 
four-stroke, petrol/paraffin engine running at 
1800-2000 r.p.m. This engine forms an integral 
part of the pump crankcase and reduction gear- 
box assembly. 

A short time ago Pegson, Ltd., Coalville, 
leicester, developed a new centrifugal self- 
priming pump designed to give high outputs and 
heads, fast priming, withstand internal pressures 
up to 250lb per square inch, and require a 
minimum of maintenance. This pump range has 
so far been extended to the 3in size and all the 
models are exhibited on the firm’s stand. The 
pumps can be supplied with petrol or petrol/ 
paraffin engines, or electric motors, and the 
l4in and 2in sizes powered by a Petter diesel 
engine. A new range of straight centrifugal 
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pumps made by the firm hes much in common 
with the self-priming series, and on the majority 
of models, parts are interchangeable so that 
conversion from a straight centrifugal to a self- 
priming centrifugal pump can be speedily effected. 
The Pegson-Guinard centrifugal pump, another 
new product, is designed for high-capacity 
drainage and irrigation work. With outputs 
ranging from 1000 to 4000 gallons per minute, 
these pumps are built in 6in, 8in, 10in and 12in 
sizes. Also shown by the. company are the 
lightweight and heavy-duty ‘“ Mud-Hog”’ dia- 
phragm pumps with various types of prime 
movers ; and a single-acting 4in. plunger |pump 
which operates from an eccentric and has eleven 
variations of stroke to meet any capacity require- 
ment within the capabilities of the pump. 


CEMENT AND CONCRETE PLANT 


The concrete mixer with a mixed batch capacity 
of 10 cubic feet illustrated in Fig. 7, which is 
made by the Millar’s Machinery Company, Ltd., 
Bishop’s Stortford, Herts, is fitted with hydraulic 
batch-proportioning gear. With this gear the 
bucket is supported on a short length of track 
when it is lowered into the loading position. 
This track contacts a hydraulic ram which 
transmits the pressure imparted by the load 
in the bucket to a large dial indicator. The dial 


raised and the pan taken to the concreting site. 


Fig. 7—Concrete mixer fitted with hydraulic batch-proportioning gear 


Fig. 9—Pan mixer with a barrow-mounted pan. After mixing the paddle head is 
When the pan barrow is tipped 
it rests on the small wheels 
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can be clearly seen by the operator and pro- 
gressively records the weight of the materials 
as they are put in the bucket. A small hand- 
operated hydraulic pump is used to trim the 
pressure in the weighing system to set the dial 
at zero before loading commences. 

The mixer is of totally enclosed, non-tilting, 
design and is driven by a 74 h.p. at 1000 r.p.m. 
Ruston diesel engine. The power transmission 
assembly can be removed as a single unit for 
servicing and the controls of the machine 
are grouped on one side, where there is a clear 
view of the loading bucket and discharge chute. 
To relieve the pneumatic tyres of the machine of 
undue strain whilst it is in operation stabiliser 
legs are fitted to each wheel. These stabilisers, 
to be seen on the wheels in the illustration, are 
spring loaded in their operative and inoperative 
positions. 

A non-tilting machine of similar design also 
exhibited by the firm has a mixed batch capacity 
of 7 cubic feet and is driven by a 5 h.p. diesel 
engine. In addition to other mixers and con- 
tractors’ plant, technical details are also available 
on the stand of the Millars’ wellpoint dewatering 
system and the vacuum concrete process. 

The design and operating sequence of the 
“* Creteangle ’’ pan mixer, with a mobile barrow 
mounted pan, made by Edward Benton and Co., 
Ltd., Ferring-by-Sea, Sussex, is of particular 


Fig. 8—Light-duty maintenance grader fitted with bulldozer attachment at front 


Fig. 10—Handling trolley for 13 or 20-ton cement silos. The silo 
incorporates a weigh hopper and is for use on sites where cement 





interest. This mixer can be seen at the start of a 
mixing cycle in Fig. 9. 

The machine itself consists of a rigid base 
frame with a centrally disposed column on which 
the mixing unit is pivotally mounted so that it 
can be swung down to position the paddle head 
in the pan. The paddle head is driven through 
reduction gearing by a motor which is started 
or stopped automatically as the head is lowered 
or lifted. The mixing unit is balanced on its 
pivot mountings so that it can be easily raised or 
lowered by hand. All of the fixed blades in the 
rotating mixing head are fitted with a special 
angling device which automatically maintains 
them at the correct mixing angle, whilst affording 
protection by allowing them to swing clear of 
large stones, &c., accidentally introduced into 
the materials during batching. 

The mixing pan is mounted on a wheeled 
barrow of tubular construction which fits between 
the front legs of the main frame. At the 
mixing position the spindles of the barrow 
wheels ride up inclined plates to relieve the 
pneumatic tyres of load during the mixing 
operation. When the pan is in correct register 
with the mixing head the barrow is automatically 
locked in the frame. 

At the end of the mixing operation the head 
is raised and the barrow unlocked from the 
machine by depression of a pedal at the side. 





is delivered in bulk 
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The barrow can then be wheeled away to the 
placing site, and by raising its handles it can be 
swung right over on curved extensions on each 
of its side members to invert the pan; in 
this position the barrow is supported on two 
small wheels at the ends of the extensions. 
After the barrow is righted it can be taken 
back to the mixer via the stockpiles, wheré its 
pan is charged with the required amounts of 
cement and aggregates. It will be appreciated 
that a number of pan barrows can be used with a 
single mixer to give continuous production. Ifa 
number of different mixes are required on the 
same site marked barrows can be used to ensure 
correct batch preparation and use. 

The delivery of cement in bulk has increased 
considerably on the medium-sized constructional 
site in recent years. About two years ago we 
described the “ Portasilo’’ equipment for this 
class of work, which comprises a storage silo 
and batching hopper for cement delivered in 
bulk. This equipment may be seen at the 
exhibition on the stand of Portasilo Ltd., Blue 
Bridge Lane, York, with some improvements, 
since introduced. The silos are of three sizes, 
of 10, 13/14 and 20 tons capacity, and the two 
larger sizes, which weigh about 21 cwt and 
25 cwt respectively, can be handled with the 
device shown in Fig. 10. 

The device is sectional and can be carried on 
the vehicle with the silo. It is assembled in a 
few minutes. The lifting arms engage in the 
trunnions of the silo, and hand operation of the 
hydraulic rams raises and lowers the silo as 
required. The weight of the keel of the silo 
ensures that, when lifted, it is in balance in the 
horizontal position, enabling it to be*loaded on 
to a vehicle. It can be swung into the vertical 
position by two men with very little effort. A 
circular cement weighing hopper is now being 
standardised on the two larger models of the silo. 


Some CONTRACTORS’ PLANT 


Fig. 11 shows the new portable generating set 
produced by R. A. Lister and Co., Ltd., which is 
mounted on a two-wheeled rubber-tyred hand- 
drawn trolley, fitted with a detachable sheet 
metal canopy. This 1-5kW a.c. unit, which can 
also be supplied mounted on a skid base, weighs 


Fig. 11—105kW portable a.c. generating set 


635 Ib and is claimed to be economical in use ; 
it consists of a Lister 3 h.p. Mark L.D. air-cooled 
diesel engine with the generator flange coupled 
to the engine flywheel. The switchgear com- 
prises a voltage regulator, main switch and fuses, 
and the supply can be taken through two 15A 
sockets. The set has an output of 1-5kW, 
230V, 50 c/s, single phase, a.c.; 1-5kW, 110V 
a.c. with centre tapping to earth; 1-5kW, 
110V, d.c.; or alternately the output may be 
1-75kW, 230V, 60 c/s, single phase, a.c. 

The light-duty maintenance grader, illustrated 
in Fig. 8, is one of the five contractors’ machines 
exhibited by Aveling Barford, Ltd., of Grantham. 
This machine is intended to be used by the build- 
ing industry for light or maintenance grading 
where the normal heavy-duty machine could not 
be economically employed. It is driven by a 
42-5 b.h.p. “Fordson Major” diesel engine 
and has a ballasted weight of 8560lb. Six 
forward speeds from 2-45 to 15-5 m.p.h. are 
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available and all the blade and ancillary attach- 
ments are hydraulically operated from the normal 
driving position. 

The 9ft. long grader blade is arranged to cut 
from 6in below ground level and has a lift of 
94in above. This blade can be shifted up to Ift 
to the right or left to give a maximum reach 
of 2ft 6in beyond the tyre. The main blade 
cuts off material above the grade as_ the 
machine is travelling, whilst the planer catches 
the windrow so formed and spreads it in hollows 


Excavating Plant 


WE have received from the National Coal 
Board details of a sinking platform and grab 
which have been designed for excavating the 
shaft at Agecroft colliery, the sinking of which is 
now being undertaken. This equipment has 
been developed by the North Western Division 
of the Board, and is at present being built by 
the contractor who is sinking the shaft, the 
Cementation Company, Ltd. The accompanying 
illustration shows the excavating equipment 
diagrammatically, and gives a general idea of 
its arrangement. The basic aims behind the 
development of the equipment were to achieve 
mechanical excavation of the fragmented rock 
left by blasting, over the maximum area of the 
shaft bottom, and also to reduce the number of 
men needed to excavate the shaft bottom; while 
still maintaining the required standard of safety 
for those engaged in the work. 

The grab is operated by a double-acting, com- 
pressed air cylinder, and is positioned by rotating 
a “hoist frame.” It loads the spoil into 
*‘ hoppets ”’ or skips on the shaft bottom, which 
are hoisted independently of the equipment 
described here. Reference to the diagram will 
show that the hoist frame is carried on rollers, 
on an outer running rail, near the periphery of 
the shaft, and an inner running rail near the 
centre, both rails being carried on a platform or 
scaffold just above them. The scaffold is 
suspended in the shaft on four ropes. When in 
use for excavating, it will be held in position by 
brackets, consisting of retractable steel joists 
wedged into bunton boxes in the concrete lining 
of the shaft. A ring gear is fixed on the underside 
of the scaffold (it is shown in the drawing), 
engaging with a pinion on the hoist frame. 
The pinion reduction gearing is operated by a 
compressed air motor, thus controlling the 
frame’s rotation. 

The placing of the grab on the shaft bottom 
or over the hoppet is in the control of a man 
on the hoist frame. The frame can revolve about 
the shaft centre, placing the grab in any given 
circumferential position. Radial positioning 
of the grab is obtained by varying the length of 
the suspension ropes on one side when the grab 
will hang towards the side on which the suspen- 
sion ropes are shortest. 

The scaffold is designed for a finished shaft 
diameter of 24ft. It has two main openings for 
hoppet passage and side doors to take air tubes 
and services. It is built of rolled steel sections with 
timber decking, and is suspended by four ropes 
from a winch on the surface. The two outer 
ropes are attached to the scaffold by “ bull” 
chains in the normal manner, but the two inner 
ropes are attached to the scaffold through ten- 
sioning frames incorporating a hydraulic device 
which will ensure a known load to be carried by 
them. The satisfactory tensioning of the scaffold 
suspension ropes is considered essential, since 
these ropes serve as guides for raising and 
lowering the hoppet. 

The outer running rail is fixed to the scaffold 
structure by brackets. rail consists of a 
mild steel tube bent to 18ft diameter, on to which 
is welded a mild steel angle to form a flat running 
surface for the outer rollers of the hoist frame. 
The rail is in sections which can be removed when 
a large pump is in the shaft. The inner rail is 
fixed to the top side of the centre members of the 
scaffold and is of bevelled section to take conical 
rollers. 

The hoist frame is also built from mild steel 
sections. Three small vertical rollers fixed to 
the centre post, and bearing against the inner 
face of the ring gear wheel, serve to locate the 


Nov. 18, 1955 


below the grade. The planer can be set at 60 
either to the right or left of the line of travel ang 
adjusted to give a maximum crossfall of | jn 4 
either way. 

Attachments available with the machine 
include a front-mounting bulldozer, a sc» :ifier o, 
a snow plough, all of which are hydraulically 
controlled for height setting. A splined povwe, 
take-off shaft protrudes from the underside a 
the rear of the gearbox and rotates at 54. r.p.m, 
for an engine speed of 1200 r.p.m. 


for Shaft Sinking 


frame in a horizontal plane. The frame carries 
the grab hoist, turning gear, slewing cylin«er and 
operator’s cab. The centre post is hollow to 
allow a plumb line to pass through. 

The grab is operated by a compressed air 
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ing gear for the two inner ropes 





ly prop comp 
. (only one is shown). 
C—Timber decking. 
D—Gear wheel for rotating hoist frame. 
E—Pinion for rotating gear. 
F—Reduction gear and motor for rotation. 
G—Hoisting drum. 
H—Hoist reduction gear. 
J—Automatic air brake. 
K—Hoist air motor. 
L—Outer running rail. 
M-—Hoist operator’s platform. 
N—Hoisting ropes for grab. 


Q—Locating rollers. 

R—Inner running rail. 

S—Retractable scaffold brackets. 
—Compressed air feed pi 
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U—Shuttering for lining shaft with concrete. 


Diagram of excavating equipment for shaft sinking. 
The fixed scaffold carries a rotating frame below it 
from which a grab is operated 
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wer unit with a worm reduction gear and 
double drum. Two hoisting ropes are attached 
to this drum, both coiling in the same direction. 
One rope passes from the drum over a sheave 
on the grab suspension point and back to a 
fixed position near the centre of the main hoist 


frame. The second rope passes from the drum 
to a sheave fixed on the outer end of the frame, 
then over a second sheave at grab suspension 
point, over another sheave on the outer end of 
the frame and finally to the piston-rod of a long- 
stroke compressed air cylinder. By operating 
the cylinder the length of one side of the suspen- 
sion rope is altered and the grab will move 
radially in the direction of the shorter ropes. 
The air cylinder control will be through a pedal- 
operated four-way valve in the operator’s cabin. 

Power is supplied to the grab hoist by a com- 
pressed air motor controlled by a three-way air 
valve. In the “ off” position the air connection 
to the motor is open to atmosphere. When air 
is turned on to the motor the brake cylinder, 
which is connected to the same line, is actuated 
and the brake is released. When the motor is 
shut off the air line is open to the atmosphere, 
allowing the brake cylinder to exhaust, and the 
brake is then applied by a spring. The brake 
shoes operate on the flanges of the coupling 
between the compressed air engine and the 
reduction gear, and air-speed control valves are 
fitted in the supply system to allow adjustment 
of the speed and time of braking. 

The operator’s cab is at the outer end of the 
main hoist frame, giving an unobstructed view 
of the shaft bottom. All controls except the 
actual grab opening and closing controls are 
placed within this cab. The main hoist motor 
and turning motor have hand levers for air and 
reversal, and the slewing cylinder is controlled 
by a foot-operated valve. 

During firing the scaffold will be wound up 
the shaft to a convenient height by the surface 
winches. The maximum depth from scaffold 
to shaft bottom for convenient grab operation 
will be decided as experience is gained with the 
equipment. 





Flameproof Gate-End Control Panel 


In the accompanying illustrations we show 
details of a new automatic gate-end panel, which 
is in production at the Witton engineering works 
of The General Electric Company, Ltd. This 
panel, designated “‘FMU3,” has dimensions 
which comply with the National Coal Board’s 
specification No. P.3/1950 and is primarily 
intended for use with motors driving coal cutters, 
loaders and conveyors working at the coal face, 
being designed for the control of squirrel-cage 





Fig. 1—Upper compartment of automatic flameproof 
gate-end panel with the cover removed and arc chutes 
withdrawn to show the reversing isolator 
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motors at voltages from 400V to 650V with full- 
load currents up to 80A. The panel is flame- 
proof, carrying the Ministry of Fuel and Power 
certificate for Group 1, and is therefore suitable 
for use in fiery mines. Its control circuit and 
earth leakage electrical lockout circuit are 
certified as intrinsically safe. 

As illustrated, the panel is skid mounted in a 
case which is of welded sheet steel and is divided 
horizontally into two compartments. The upper 
part has a braced top cover while the lower 
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chassis can be removed and a spare one substi- 
tuted without disconnecting any leads. In the 
working position the chassis is secured in the 
case by a single screw. When withdrawn (Fig. 2), 
its weight can be supported by a strong frame- 
work which can be drawn out from its housing 
under the case when the front cover is opened. 
The incoming three-core cable can be coupled 
to either end of the busbar chamber by means of 
an adaptor of the kind shown in Fig. 2. When 
a five-core trailing cable is used to supply the 





Fig. 2—Automatic flameproof gate-end panel with the front cover open and the chassis withdrawn on 
its supports from the lower compartment 


compartment has a hinged front cover, which, 
when closed, is secured by locking dogs. The 
front cover also has a single socket-headed 
fixing screw, which can only be opened by an 
authorised person, and is interlocked with the 
isolator. 

The top compartment houses the 300A bus- 
bars and a triple-pole reversing isolator (Fig. 1). 
The isolator is a contactor switch fitted with 
series blow-outs and arc chutes, designed to 
break 650A at 650V, 0-2 to 0-3 power factor. 
An auxiliary contact in series with the contactor 
operating coil is arranged to open before the 
main contacts. The operating lever is at the 
front of the unit and carries a catch which 
engages with a gate on the front cover to prevent 
the isolator from being moved from the “ for- 
ward” to the “reverse”’ position without a 
pause. A shrouded captive screw is provided to 
lock the isolator in the “ off’ position. A 
flange at each end of the upper compartment 
carries three main and two auxiliary bushed 
terminals for connections to the incoming cable 
or to adjacent panels. 

The lower compartment (Fig. 2) houses a. 
withdrawable chassis carrying the triple-pole 
main contactor, two overcurrent relays, core- 
balance and voltage transformers and protective 
relays and fuses. The chassis also carries a com- 
bined test and reset switch, a local control 
switch, and a sequence selector switch with an 
integral emergency stop button. The switches 
are operated by levers mounted on the outside 
of the front cover. A lamp for indicating earth 
leakage faults is visible through a window in the 
cover. The main contactor has the same rating 
as the isolator, and both the contactor and the 
relays are designed to operate at a maximum 
inclination of 15 deg. from the vertical in any 
direction. 

On the top of the chassis are mounted main 
and auxiliary isolating contacts, which, when the 
chassis is pushed into the case, engage with 
spring-loaded contacts on the underside of the 
horizontal partition. These contacts complete 
the connections from the equipment on the 
chassis to the isolator and thence to the incoming 
supply, and those to the outgoing cable through 
a plug-and-socket mounted externally. Thus a 





motor it is coupled to the panel through a 100A 
restrained plug and socket. This is mounted on 
the front of the unit by means of an adaptor 
attached to the step on the lower compartment, 
as shown in Fig. 2. The connections are such 
that open sparking cannot occur, even if an 
attempt is made to remove the plug with power 
on the cable. An auxiliary terminal box, for the 
twin-core control cables needed for the sequence 
interlocking of separated panels, is mounted on 
the right of the lower compartment. A flame- 
proof moving-iron ammeter can be connected 
in the outgoing circuit and mounted on the front 
of the panel. 

The intrinsically safe control circuit is normally 
completed by a pull-push remote control switch, 
the connections being made through the pilot 
and earth cores in the trailing cable to the motor ; 
if a fault occurs between the pilot and earth cores 
in the cable, the main contactor opens. A switch 
is provided to simulate this fault for testing. A 
local control switch is mounted in the panel, the 
change-over between remote and local control 
being effected through a selector switch. 

The earth leakage protection circuit, which is 
energised through a core-balance transformer, is 
designed so that the control relay locks out as 
soon as it has operated on an earth fault. Once 
the fault has been cleared the relay may be reset 
to the running position by operating the earth 
leakage reset switch, which is only accessible to 
authorised persons. The motor cannot be 
started if an earth fault (which can be of a resist- 
ance higher than that which would cause trip- 
ping during normal running) is already on the 
system. 

Selective tripping can be arranged by connect- 
ing a resistor in the protection circuit, and the 
tripping current can be varied from 1A to 2-5A, 
according to the value of the resistor. The corre- 
sponding resistance of earth faults for which the 
lockout circuit will function can be as high as 
5000 ohms for a tripping current of 1A and 450 
ohms for a current of 2-5A. 

For coupling two or more panels together to 
form a complete switchboard a split adaptor is 
fitted between the busbar chambers of adjacent 
panels, and a plate is bolted to the ends of the 
skids. 


The Automatic Factory : A Critical Examina- 
tion. The Instruments Publishing Com- 
pany, Incorporated, 845, Ridge Avenue, 
Pittsburgh, 12, Pennsylvania. Price 1-50 
dollars. 

Tus slender volume was first published 

serially in the journal Instruments and 

Automation, an American periodical devoted 

to measurement and control for machines. 

It is the work of a student team from the 

Harvard Graduate School of Business 

Administration. The seven authors spent 

six months on the investigation and pro- 

duced between them eighty-one pages, includ- 
ing appendices, references and a subject- 
index. This would appear to be a small 
result for much labour and in some respects 
it is disappointing ; yet it will be both 
interesting and useful to those who con- 
template the installation of automatic plant. 

The work is not concerned with plants for 

the manufacture of chemicals, petroleum or 

other fluid products but deals only with the 

“* piece-part ” industries. The photographs 

and diagrams are well-chosen and eleven 

case studies are quoted. 

In the first chapter the authors state their 
conclusions. In effect they say that interest 
in automation has been accelerated by the 
development of electronics coupled with the 
increasing trend towards mechanisation. 
That the automatic factory must be an 
integration of inventory control, materials 
handling, machine processing and inspection 
by automatic means. They say that the 
hindrances in the path to ultimate auto- 
mation (i.e. the automatic factory) arise 
from the complexity of production processes, 
the high cost of the development charges 
and the lack of highly qualified personnel. 
These difficulties, they add, will be met, not 
by revolution, but by the evolution which 
will take place in individual factories. They 
expect social and economic upheavals, if 
any, to be local rather than nation-wide, 
and they believe that they will be solved in 
the individual plants concerned. Informa- 
tion received from a number of concerns 
where automation has been adopted indicates 
that very considerable economies can be 
achieved by automation. The remainder of 
the book is evidence in support of these 
conclusions. 

Much is made in Chapter II of the con- 
fusion that exists when automation is dis- 
cussed. This phenomenon is not confined 
to the U.S.A. The authors point out that 
it is due to the fact that automation covers 
a very wide field and that the views of the 
various concerns are apt to be coloured by 
their immediate interests. The materials- 
handling concerns think automation is in 
handling: the machine tool builders con- 
sider it defined by machine processing, while 
the control equipment manufacturers are 
apt to assume that computers and automation 
are synonymous terms. 

In the third chapter the argument is 
concerned with why complete automaticity 
is to be regarded as desirable and how it can 
be attained. Mechanisation has largely 
replaced muscle power and now controls are 
able to replace the simple and repetitive 
functions of brain power. It is pointed out 
that these controls could not be effective 
until the mechanisation had reached an 
advanced state of perfection. The open and 
closed loop control systems are also discussed. 
The authors deal with the obstacles in the 
path of ultimate automation and here they 
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are quite realistic. As already mentioned, 
there are certain specific hindrances but 
in addition there is, they say, the negative 
attitude of manufacturers to be overcome. 
Moreover, the bringing together of the 
different skills into a co-operative bloc 
wherein machine tools, materials-handling 
and instrumentation are considered as a 
whole is the major problem which is delaying 
the advancement of automation. 

A review of progress made, particularly 
in automatic transfer machines, forms the 
subject of Chapter V, which also includes 
brief reports of interviews with two auto- 
mobile companies, with an electronics manu- 
facturer and a jobbing shop which makes 
pressed metal assemblies. There is a certain 
naivety in the statement that manufacturers 
are interested in the financial aspects and 
that this has a limiting effect on ultimate 
automation ;_ this is certainly and under- 
standably the way in which British manufac- 
turers will look at the prospects of the 
automatic factory. The case studies are of 
particular interest since they give information 
relative to the capital cost of the plant in 
addition to those of the operational expenses. 
Among the examples quoted are the machin- 
ing of a back axle; of a tank (military) 
suspension support unit ; of engine parts ; 
of grinding crankpins, also the machining 
and assembly of rifle grenades ; the assembly 
of radiator pressure caps and tape controlled 
machining of an aircraft fitting. There is 
also reference to the making, from aluminium 
strip, 16,000 cups per eight-hour day. The 
methods are not described in any detail but 
the costings are illuminating. For instance, 
the reduction in direct labour cost on 
machining four flat surfaces on a cylinder 
head was from 40 cents in 1914 to 4 cents in 
1954. 

There is a chapter on the social implica- 
tions of the automatic factory but this is 
an appreciation rather than a penetration of 
the problems involved. The conclusions are 
not very different to those reached in this 
country. A chapter on the future discusses 
briefly the trends that will lead to stepping-up 
the rate of evolution towards the automatic 
factory and gives views on future develop- 
ments, stating the direction in which the 
authors expect advances to take place. They 
anticipate, inter alia, the development of 
much more flexible automatic installations— 
an essential in this country if the smaller 
concerns are to enjoy the benefits of auto- 
mation. They stress the need for the redesign 
of products and of processes and equipment, 
and also the necessity for advanced training 
(or should it be re-training) for engineers. 
A great deal more attention to automatic 
assembly is forecast. They appear to expect 
that the use of consultants in this field will 
extend but they are somewhat negative as to 
their scope. It is obvious that the con- 
sultants can be of very great value to those 
firms which are proposing to install automatic 
processes. 

About 18 per cent of the total contents of 
this volume is contained in an appendix 
report on Project Tinkertoy—the new system 
for producing electronic circuits on the 
module method. In addition to a description 
of the manufacturing process, which is 
rather incomplete, there is much detail 
regarding the costings with comparisons 
between the conventional methods of pro- 
duction, the Tinkertoy hand process and the 
Tinkertoy machine process; wherein the 
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automatic operations are primarily conce -1ed 
with assembly. 

Automation is now covering such a wide 
field and is developing so rapidly that the 
best method of obtaining information i; to 
peruse those journals that are devo'ing 
attention to this fascinating subject. ‘his 
small book will, however, serve as an in:ro- 
duction for those who are interested bu: not 
yet converted. 


Telecommunications Principles and Prac’ice. 
By W. T. PERKINS, A.M.Brit.I.)2.E, 
London : George Newnes, Ltd., Tower 
House, Southampton Street, W..2, 
Price 21s. 

To avoid being misled by the title, the reader 
should appreciate that this is an elementary 
textbook which has been written primarily 
for students taking the City and Guilds of 
London Institute courses in Telecommunica- 
tions (Principles) I, and Elementary Tele- 
communications Practice. Accordingly, the 
syllabuses of these examinations are set out 
in the first chapter and various formule 
required in these syllabuses are given, for 
ready reference, in the next chapter. Approxi- 
mately two thirds of the text is devoted to 
the fundamentals of magnetism and elec- 
tricity, including an introduction to motors, 
generators, transformers, measuring and 
testing instruments and relays. The rest of 
the book is concerned with the principles of 
telephony, telegraphy and r.f. communica- 
tions. To prepare the student for a deeper 
study of the subject there is a chapter on 
graphical symbols and detached contact 
drawings. With but few exceptions the 
illustrations are clear, as befits an introductory 
textbook. 


150 Practical Ideas on Metalworking Pro- 
duction. London : McGraw-Hill Publish- 
ing Company, Ltd., 95, Farringdon Street, 
E.C.4. Price 10s. 6d. 

Tus book was compiled by Mr. A. Delafonds 
from the pages giving practical ideas in 
Metalworking Production (formerly The 
Machinist). The descriptions given in the 
book are designed to cover a variety of the 
jobs encountered in the machine shop, and 
show methods of overcoming individual prob- 
lems. It is designed to provide a guide both 
for the experienced machinist and the learner 
to assist them to make the best use of existing 
equipment, effect economies, attain higher 
precision, and improve production in the 
workshop. 


Constructional Steelwork. By OsCAR FABER, 
D.Sc., M.I.C.E., M.I.Mech.E. London : 
E. and F. N. Spon, Ltd., 15, Bedford 
Street, W.C.2. Price 50s. 


Tuis very readable book of some 360 pages 
gives a clear, but somewhat elementary, 
explanation of the principles and practice 
underlying the design of structural steelwork 
based on the current British Standard Speci- 
fication and Codes of Practice, and thus 
covers the same ground as several similar, 
but more complete, works published recently. 
The book is intended for students, draughts- 
men and engineers, but as it is neither a text- 
book, nor a designers’ manual, it will prob- 
ably be most useful to beginners in a design 
office who must get on with a conventional 
design of simple structures. There are 
fifteen chapters. The first two deal with 
elementary statics and properties of materials ; 











‘owe YY Oo @ 








Nov. 18, 1955 


The next three paraphrase and explain the 
rincipal clauses in the relevant specifications 
and give abridged tables of properties of B.S. 
sections, &c.—mostly information available 
in greater detail in the B.S.I. publications 
and various handbooks. The remaining ten 
chapters are devoted to design—discussion 
and fully worked-out examples—of beams, 
plate girders, stanchions, roof trusses, and 
of a small two-bay workshop, all in accord- 
ance With the current B.S. 449 (1948), 
CP. 113 (1948) and the L.C.C. regulations. 
Alternative, more economic, methods of 
design of encased beams and columns are 
advocated. The problems of restraints 
applied by connections of beam to beam and 
of beam to stanchion are very well presented 
and will be of interest to all designers. 
Typical sheets setting out design data and 
shop details for stanchions in a large multi- 
storied building are also useful. 

Unfortunately, in many of the worked-out 
solutions, undesirable details and excessively 
large main sections are recommended. 
It appears, for example, that in the 
case of riveted and welded plate girders 
some 15 per cent of material could be 
saved by a more correct design. Throughout 
the text all “‘ mathematics ” are avoided, and 
approximate calculations based on conven- 
tional assumptions are presented as the 
proper solutions of the various design 
problems, all of which makes the design of 
structures appear to be delightfully simple. 
This undoubtedly saves designers’ time, but 
will hardly lead to economy of material or 
advance the science of design. 


Nomography and Empirical Equations. By 
DALE S. Davis. London : Chapman and 
Hall, Ltd., 37, Essex Street, W.C.2. Price 
54s. 

A WORK on empiricism is, of course, bound 

to be practical, and this volume presents a 

wealth of information for the empiricist, 

who, we read, “motivated largely by 
expediency, and with a watchful eye on 
absolute and percentage deviations... 
feels at liberty to employ any rectifying 
functions whatever, no matter how bizarre 
and original they may be, as long as he does 
not violate the sacred principles of algebra.” 
Mr. Davis, naturally, ranges far and 
thoroughly over his field, dealing in the first 
part with empirical equations for up to 
three variables, and in the second with the 
construction and theory of the industrially 
important nomographs, with a warning that 
more than six variables cannot be handled 
conveniently. Examples are provided in 
abundance, and while principally drawn 
from plant experience, extend, in the case 
of one chapter alone, from the weight of a 
black and white alley panther to the adsorp- 
tion of nitrogen in iron-aluminium catalysts 
at —195-8 deg. Cent. as a function of 
x=1000 p/p,, where p/p, is not defined 
clearly. Suggestions as to solutions are 
given, many referring to the same author’s 
Chemical Engineering Nomographs. 


Books Received 


Introduction to Fluvial Hydraulics. By S. Leliavsky, 
London : Constable and Co., Ltd., 10, Orange Street. 
W.C.2. Price 30s. 

An Introduction to Mineral Dressing. By E. J. 
Pryor. London: Mining Publications, Ltd., 482, 
Salisbury House, London Wall, E.C.2. Price 70s. 

Fundamentals of Press Tool Design. By W. F. 
Walker. London: Crosby Lockwood and Son, 
Ltd., 26, Old Brompton Road, S.W.7. Price 12s. 6d. 


National Electrical Code Handbook. Eighth 


edition. By Arthur L. Abbott, revised by Charles L. 
Smith, London: McGraw-Hill Publishing Com- 
pany, Ltd., McGraw-Hill House, 95, Farringdon 
Street, B.C.4. Price 56s. 6d. 
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Technological Education 


INSTITUTION OF MECHANICAL ENGINEERS 


T a meeting of the Institution of Mech- 
anical Engineers, on Friday, November 
llth, a paper entitled “‘ A Criticism of the 
Technical Education of Recently Qualified 
Engineers,” by Mr. P. P. Love, was presented. 
Long excerpts from the paper are reproduced 


on page 737 of this issue. The following. 


discussion took place. 

Wing-Commander T. R. Cave-Browne- 
Cave: I am too much out of touch with 
engineering education to criticise the paper 
presented to us to-night or to make any 
detailed suggestions, but there are two 
general points which might be worth putting 
forward. : 

One is this. I have seen a great deal of the 
technical investigations which are done, not 
in the major research institutions, nor the 
research associations, nor in the very large 
firms, but in the firms of more moderate size 
who depend a great deal upon the effective- 
ness with which technical investigations of 
difficulties which arise are carried out. Some 
of those investigations are done very badly ; 
they wander round the target, they are ex- 
pensive, long drawn out and inconclusive. 
On the other hand, others are directed and 
carried out with a skill which amounts to 
genius. The author has taken two very nice 
examples of just such investigations which 
are worked out by Mr. “ A” and Mr. “ B,” 
who had on paper the same qualifications, 
but who produced solutions—I am not quite 
sure that I should be justified in saying 
that the first one was very bad or that the 
second solution amounted to genius, but all 
of you can find examples of investigations 
which are right down in the bad class and 
others which are right up at the top. I am 
sure that the technique of good investigation 
can very largely be taught by reviewing 
examples of good and bad investigation 
technique in a form of instruction. I will 
refer to that again in a minute. 

The second point to which I want to draw 
attention is also a general one. It is said 
that a good deal of engineering teaching does 
not deal sufficiently definitely with principles 
as distinct from current practice—particularly 
principles taught in the way in which it is 
easy for the students subsequently to apply 
them to the practical problems which they 
meet. I think that is very largely due to the 
lecturers—professors, excuse me—not being 
sufficiently closely in touch with realistic 
practical problems. I think that if industry 
would make a point of keeping their academic 
friends in much closer touch with the prob- 
lems which they themselves have to solve, 
they would gain in two ways. First of all 
they would get a good deal of useful technical 
knowledge from an academic friend, who 
probably has technical knowledge in a rather 
more easily accessible form, or at any rate 
has many friends in his university from whom 
he can get it in a more accessible form than a 
practising engineer will normally be able to 
obtain. That will be a very useful benefit. 
Also, the lecturer will have a much more 
definite knowledge of the kind of problem 
with which he is training his students to 
deal, and his students will know that he has. 
That is very important. I am sure that if the 
present situation could be improved upon in 
that respect, the teaching of the lecturer 
would be much better and the attention and 
interest of the students would also be a great 
deal better. 

The framework for analysis, which the 





author quotes as from Sir Charles Renold, is 
so extraordinarily like the framework for 
analysis which is taught in the Service Staff 
Colleges for appreciating the situation that 
I am reminded of the teaching at the Naval 
Staff College at Greenwich, where some 
thirty years ago I was one of two attached 
R.A.F. officers. Squadron Leader Tedder 
was the other. We had one lecture a day on 
principles or on the application of principles 
to incidents and operations taken from past 
history, which we examined to see how far 
principles had been applied or not. We then 
separated into groups of five and carried out 
tasks in applying principles to set problems. 
I think that was excellent teaching. It is the 
best teaching that I have ever had the 
advantage of. It was carried out almost 
entirely by serving officers who had experience 
of doing successfully just the jobs that they 
were teaching us to do. I am sure that the 
same technique could be applied to the 
study of the technique of investigation in 
engineering. It would normally be given to 
students after they had taken their first 
degree and were beginning research, but I 
myself think that it ought to be given earlier. 

I agree very much with the author that 
there should be a careful investigation of what 
is necessary and of the order of importance. 
It should undoubtedly be done under the 
egis of the major Institutions. I should like 
to suggest that the Royal Aeronautical 
Society is also brought in because aero- 
nautical development does depend so very 
much on the technical investigation of difficult 
problems, particularly where there is no 
previous practice and you have to fall back 
on fundamental principles. I should like to 
suggest that it might be well worth while 
bringing in the director of one of the Service 
Staff Colleges because they have in the course 
of years evolved such a very good technique 
for studying the technique of investigation. 
I think he could probably contribute a great 
deal. Finally, I should like to say that this 
problem is, in my opinion, one of absolutely 
first-class importance. 

Mr. H. E. Dance: With regard to the 
problem-solving part of the paper, I found 
there were two aspects of the problems to 
be considered. One was—should engineers 
be taught scientific problem solving in the 
sense that it is quoted in the paper ? I do 
not think many of us would question 
the desirability of that. The other aspect 
is that there is something about engineering 
teaching as it is which is antagonistic to 
problem solving. I do not think that sugges- 
tion, which was perhaps not intended, 
really has much substance when one examines 
it, although it is possible to make an argu- 
ment. The scientific approach which is set 
out in the paper assumes considerable 
maturity and that it should follow a decision 
that the problem to be tackled is of a kind 
for which that is appropriate. This kind of 
problem solving belongs, I think, to the later 
stages of an engineering education, and, 
traditionally, it belongs to professional 
pupilage—that is, problem solving in a setting 
of engineering reality. In a modern economy, 
I think it should be begun in the later stages 
of a college course, and that is a change to 
which I think we have got to give some 
attention, but I do not expect it to end there. 
It is likely to continue well into the industrial 
training of an engineer and become more 
realistic as the student gains experience of 
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the forces which mould industrial engineering 
operations. It is becoming more and more 
the practice—modern conditions compel it— 
for an industrial team under a first-class 
leader to deal with engineering problems, 
and that is the place where I think problem 
solving of this kind can be studied at its 
best. In short, this part of the business is a 
matter for both the college and the industry. 

It is doubtful whether full use is made of 
the opportunities which even the simple 
types of teaching problem offer for that 
turning over in the mind which we believe 
to be necessary for a full understanding. I 
believe that is an important point where we 
fail, and perhaps we fail because we do not 
allow enough time for it. The pressure 
is to go on to the next problem or the next 
syllabus item. Time for thinking cannot 
be got without extending the course or leaving 
something out. 

The next point that I want to take is the 
suggestion that a full-time research team 
should tackle the problem of finding the 
most rewarding line of action for the improve- 
ment of education. I agree with Wing- 
Commander Cave-Browne-Cave that this 
should not be handed over to sociologists. 
If the day has come when engineers, including 
engineering teachers, who have created 
technical education in this country, cannot 
put their house in order, it is time we sold 
out and took up gardening. The research, 
if it is to be done at all, would, I think, have 
to be done by a full-time team, or, at any 
rate, a team with a full-time core, because 
otherwise the efforts would become dis- 
persed and interrupted. I think the team 
would need to include sociologists and other 
specialists in the same sense as any industrial 
team—any team—conducting an inquiry 


of this sort will recruit all the specialists that 


it, in fact, finds that it needs. That is the 
normal procedure for that kind of work. 
I think it is very likely that the team would 
have to spend a few years in discovering and 
defining its objectives and the means by which 
it would evaluate its results. 

There is a feeling in the air—a feeling which 
existed before this paper was presented—that 
it is time for a spring clean. Why has 
engineering education its present pattern in 
the technical colleges ? It is with the tech- 
nical colleges that I am mainly concerned. 
It is because students demand service which 
will enable them to qualify for professional 
membership or status. They can obtain it 
by attending courses and passing examina- 
tions, and they want to do it in minimum 
time. It is a free country, and a student who 
does not like what one college offers may go 
to another if he can get there. This has led 
to competition which expresses itself in terms 
of maximum content in minimum time. 
Are we giving the student a fair deal in 
allowing it to go on ? If not, who is to stop 
it 2? Some of us who have the opportunity 
to see education frequently at close quarters 
have felt for some years that a great deal of 
time and effort is spent on teaching men to 
pass engineering examinations and com- 
paratively little on teaching them the prin- 
ciples of engineering. Fortunately, the first 
operation accomplishes some of what is 
required from the second, and some students 
are powerfully good learners anyway. A 
question which might be considered at an 
early stage in the inquiry is whether a change 
in the form of the examination could bring 
the two objectives into line. 

There is a tendency to over-concentrate on 
preparation for the passing of examination 
questions. That, I think is not necessarily 
wrong in the present setting. The con- 
ventional type of examination is not without 
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merit. Such examination is clear-cut from 
the student’s point of view, and it is econo- 
mical to operate. In some elements of 
engineering it is satisfying to the students, the 
teacher and the examiner to deal with a 
question which is either right or wrong. It is 
difficult to devise an effective examination of 
a few hours which allows the candidate 
sufficient time to think during the examina- 
tion. Often the aim of the course is to 
enable him to pass the examination without 
thinking. In the sense in which the author 
used the term “ thinking” I believe that is 
so ; and it is still more difficult to assess the 
results fairly in terms of marks. 

The argument that professional examina- 
tions exert too much influence on the form of 
engineering education, which is implied by 
the author and has been stated by others, is 
confirmed by our recent experience in the 
development of sandwich diploma courses. 
As soon as more time is provided, it is filled 
with subject-matter, and it is difficult to 
persuade colleges to give even a few hours to 
more tutorial work, and still more difficult to 
persuade them to allow large blocks of time 
to be left without detailed programming. 
The aim is nearly always to satisfy as much 
as possible all the examination requirements 
of as many institutions as possible. I think 
we must resist that firmly, and I think 
the institutions would encourage it to be 
resisted. 

Let me turn to one other point before 
closing. The examples put forward by the 
author to compare the performance of Mr. 
“A” and Mr. “ B” are interesting, and they 
make good examples and case studies for 
students—I hope more of them will be 
collected and published—but their value as 
evidence to support the author’s thesis is 
doubtful. The statement that Mr. “B” 
used no knowledge outside Mr. “ A’s” 
certified range is unreliable. In an examina- 
tion in which the pass mark may be 40 or 50 
per cent, what range of knowledge is certified 
by a pass ? In this direct sense the statement 
is defective, but, more important, we should 
notice that knowledge cannot be assessed by 
what is supplied to a person in teaching and 
tested by an examination. The same inform- 
ation conveyed to, and understood by, two 
different persons might be identical, but it 
becomes effective knowledge in the minds of 
the persons only when that information has 
been combined with what they already know, 
and no examination system can be relied 
upon to measure that. It is the combination 
of knowledge and the continual turning over 
of what is known that establishes new associa- 
tions from which new ideas spring. It is this 
digging of the ground that is lacking, for 
want of time. 

Professor L. J. Kastner : Mr. Love says in 
his paper that an engineering education is the 
acquisition of the art of solving a series of 
technical problems. Personally, I feel that 
any education worthy of the name must be 
much more than this! Mr. Love notes that 
there is a great variation in the effectiveness 
with which graduates apply their knowledge. 
Yes, certainly that is true, but it applies to 
other professions as well as engineering, and 
we should be fair about it. I am not really 
impressed by the graduate’s complaint re- 
ported in the paper, “‘ The lecturers I had 
seemed to shun teaching their students how 
to think.”” Many lecturers could say with 
equal force, “‘ Many of my students utterly 
refused to think.”” As to the statement “ the 
examination questions rarely involve a single 
step in the technique of thinking,” of course, 
that depends on what one means by “ the 
technique of thinking,” but if the statement 
implies that it is possible to-day to obtain a 
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good degree in anything without thinking it 
is certainly untrue of any of the four uni. 
versities in this country in which I haye 
worked. To suggest that memory anc the 
ability to transfer information from memory 
to paper is all that is required in a degree 
course in a good university is, I suygest, 
really quite false. 

Dr. F. T. Barwell : I do not considc; the 
indictment of the English universitics, jf 
that is what is intended, to be quite fair, 
The college principal who stated that the 
scientific approach could not be taught, but 
should “* permeate all teaching,”’ was prob. 
ably saying all that could be said on the 
topic. Whilst individuals vary tremendously 
in their ability, and it must not be forgotten 
that for many thinking is a painful precess 
not to be indulged in except in great 
emergency, I think it is the experience of us 
all that many good brains are not utilised 
to the full because of negative environmental 
influences. Throughout childhood and 
adolescence many grow up in an atmosphere 
where conformity and respectability form 
the social norm and originality of thought is 
regarded as eccentricity or worse. The 
fundamental value of a university lies, not 
in the formal teaching, but in the meeting 
together of people who are prepared to 
question dogma and to think in fundamental 
terms. In this climate, undergraduates as 
well as graduates may learn from each other. 
It is membership of this community which 
should attract the student to the university 
rather than the acquisition of a degree. If, 
as I am afraid, the student even before he 
enters the university has only the degree in 
mind, it is hardly fair to criticise university 
staffs, because they often fail to substitute 
more creditable motives for endeavour. Is 
not the author, therefore—I agree with the 
previous speaker here—asking the uni- 
versities to do something that industry must 
do for itself ? Having learned his funda- 
mentals at the university, Mr. “A” must 
be given a chance to find his feet in industry 
in an environment wherein he learns by 
doing. Pupilage, as mentioned earlier, is in 
fact the traditional means for teaching pro- 
ficiency in practice, and I doubt whether 
formal instruction can ever take its place. 

It is in the technical colleges that reform 
may produce the greatest return. Night after 
night, up and down the country, we have 
earnest teachers lecturing—even dictating— 
and equally earnest students copying down 
notes from the blackboard as though Caxton 
had never lived. Can we not find means for 
lightening the sheer labour of learning so 
as to provide time for the sharpening of wits 
and the exchange of ideas which are pre- 
requisites for the attainment of proficiency 
in the thinking process ? Can we not let the 
students read more at home at their own pace, 
meeting their teacher and each other more 
freely, though perhaps less frequently, at the 
technical school to exchange difficulties in a 
tutorial atmosphere ? 

Finally, the author makes a plea for a 
serious investigation into the teaching pro- 
cess. In supporting this proposal, may I 
add a more limited project ? We all know 
that proficiency in design is not correlated 
with academic achievement. Gifted designers 
are often poor theoreticians and vice versa. 
Can we not have an objective study of the 
design process as it is practised so as to 
isolate the elements necessary for success and 
using the information to assist in the selection 
and training of design staffs ? 

Mr. F. Bray : I cannot say that we have 
an official viewpoint on this paper, but 
it has been of tremendous interest to us, 
because, in spite of the fact that so much 
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quiet thought and experiment is going on in 
connection with teaching, and we obviously 
have some responsibility for what goes on 
in the technical colleges, we felt that the time 
was ripe for something like this paper, a 
very thoughtful paper, if I may say so, and 
certainly proving to be as provocative as 
Mr. Love could have wished. We ourselves 
have been very worried indeed about the 
future education of the engineer. To-day 
the Government is pouring vast sums of 
money into the universities and the technical 
colleges in an effort to increase the supply of 
professional engineers and to improve their 
training. Naturally, as taxpayers, we do 
not want to see money wasted. Therefore, 
everything we can do to see that the training 
is improved is certainly worth consideration. 
That is an everlasting problem and it is one 
that we shall always have to be looking at 
from time to time, but it is particularly 
important now because of the rapidity of 
industrial change. There is no doubt about 
it that we are having to think now of an 
engineer whose technology is going to change 
in five or ten years’ time, or there is that 
strong possibility. Sometimes when we are 
educating people in the colleges and giving 
them their basic training, we forget that they 
will work in industry for another forty years, 
and he would be a very bold person in this 
room who would care to tell us what sort of 
industries will exist in forty years’ time in 
this country, or even what the older industries 
will look like then! So we try to look at 
the problem in the light of how we can 
educate these people in the colleges in order 
to enable them to learn for the next forty 
years. It seems to me that one of our first 
problems is to try to make the young man a 
student above all things, to make him a 
thinking person ; that is, very adaptable to 
anything that may come along and, indeed, 
a person who will welcome change. Do not 
forget that there has been tremendous 
resistance to change in this country in many 
ways. 

The third point that worries us a little is 
that our economy to-day is so delicately 
balanced that the importance of good 
relations between management and worker 
cannot be over-estimated. Therefore, at the 
Ministry we are finding quite a strong pressure 
on us to broaden the training of the engineer 
by the inclusion of subjects other than 
science and technology. Everybody knows 
that almost every professor and every teacher, 
certainly in the past, has been adding and 
adding to his course. It is a natural ten- 
dency and one that we can perfectly easily 
understand. However, if in addition we 
have a pressure to increase the length of the 
course by the inclusion of subjects other than 
science and technology, we find ourselves 
faced with the simple fact that we have either 
got to increase the length of the course or do 
something drastic about it. We at the 
Ministry feel that courses are long enough 
at the first stage, and we should like to see 
some drastic pruning. It is our experience, 
whether we like it or not, that examinations 
very much control and very much influence 
the attitude of mind of the student. The 
syllabuses are very often in the hands, 
whether they like it or not, of professional 
institutions. The student has to get through 
the institution’s examination or something 
equivalent to it. Therefore, if we are to give 
time for people to work on these innumerable 
problems which seem to be the only answer 
to the problem of getting people to think 
from first principles, we must certainly 
remove a great deal of subject-matter. We 
Must not give it to them to read at home— 
they have not time to do that. We must 
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remove a great deal of the subject-matter 
and work on the assumption that it does not 
matter how much we teach the student really 
as long as he is doing properly what we teach 
him, for he still has to continue learning for 
the rest of his life. If we can get it into the 
student that he is not an engineer at the time 
he gets his first qualification but must con- 
tinue to learn, we might find time to enable 
him to discuss the work with the teacher on a 
tutorial basis, so that he can forget a good 
deal of the stuff that ought to be done—he 
will have to learn it later—leave that until 
he gets into industry, and concentrate on 
what you, as engineers, feel are essentials. 

It may be that we need some research into 
the problem—even a research team—but I 
should like to feel that the job is tackled 
first of all by the Institution. I should like 
to see a small committee set up to ascertain 
whether there is a prima facie case for 
research of this kind. If there is, then let it 
Suggest the composition of the research 
team and its terms of reference. If you wish 
the Ministry to help in any particular way, 
we shall be only too glad to do so. 

Mr. G. A. J. Begg.: I disagree funda- 
mentally with pretty well everything that 
Mr. Love has said. I think his very 
title, indeed, is wrong. It is “‘ A Criticism 
of the Technical Education of Recently 
Qualified Engineers.” There is a tacit 
assumption in that title, it seems to me, that 
the man leaving college is already trained 
as an engineer, and I think that many of us 
feel that nothing is further from the truth 
than that. It seems to me that the man who 
is at the heart of things is the designer. We 
should be quite clear in our minds that when 
we talk about the training of engineers we 
really mean training in engineering design. 
Let us have a thought as to what we mean by 
that. Is design something that you can teach, 
that you can provide in manual form, some- 
thing for which you can provide rules, some- 
thing that a man can learn and then apply ? 
I suggest that it is not, and that engineering 
design is an art. We must not ask the schools 
to turn out finished engineering designers, 
but we must ask them to turn out men who, 
having been provided with a good broad 
knowledge of engineering sciences, can then 
be employed by industry and trained in the 
art of design. That is something that we in 
industry have got to face. It is no good 
expecting the schools to turn out finished 
designers for us. We have to do that part 
of it, and we have to do it by means of 
example, by means of practice. 

Mr. H. Shelley : One of the things about 
which I am sure is that a great deal of thinking 
needs to be done in the field of all education, 
let alone engineering education. Nonethe- 
less, in the case of engineering, I do not 
think that the universities or the technical 
colleges have any reason to sit back and feel 
satisfied. Indeed, I would say that the 
manner of teaching in the universities to-day 
—I was a university teacher at one time—is 
much more stereotyped than that in many of 
the technical colleges. Therefore, none of 
us should sit back and be complacent about 
the problem. An awful lot of stuff wants 
kicking out of syllabuses, not only of the 
colleges, but of the universities, too. But 
what are the fundamentals ? Who decides 
what the fundamentals are ? I have had a 
good deal of experience of trying to help 
people work out examination syllabuses, 
sitting with representatives of industry. 
Who are the people who ask for the stuff 
in these syllabuses ? They are the members 
of the industry. They want included in the 
examination syllabuses everything that they 
have learned in the course of a lifetime. I 
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am very serious about that. It is the experi- 
ence of any of those who have sat with 
members of industry inJany of the advisory 


bodies concerned with these matters. That 
is one of the dangers. 

Air Vice-Marshal A. F. Hutton : It seems 
to me that, as a result of the educational 
system, and arising from the various points 
which speakers have raised in the discussion, 
the question arises as to whether we are 
putting into people’s minds the right sort 
of information for them to use later on. I 
am certain that that is the problem, and I 
am certain that Mr. Love is right in saying 
that it calls for a great deal of research. 
It is something about which we do not know 
very much. I would venture to suggest, at 
the risk of being tilted at later, that some- 
times educationists know least about it. 
But it is no good easily saying “* Let us make 
it fundamentals,” whatever they may be, 
and “‘ That is the way you will get a good 
designer.” You will not. If you just give 
fundamentals you will not necessarily get a 
thinker, but if you get a fundamentalist 
and a thinker, you still do not get an engineer. 

Mr. P. P. Love, in reply to the discussion : 
In support of the plea for research, I made a 
note of the number of ways in which the 
various speakers said that some improvement 
could be made. Out of what the various 
speakers said, I managed to abstract about 
eight methods based on their ideas about 
how to improve it. I think we should try 
out some of these methods to find out 
whether they do help and do improve matters, 
but I also think that they should be studied 
basically as well to ascertain whether there 
is a prima facie case for applying them, 
because it takes a long while to try a method 
and find out the effects of it. I think that a 
research could look into what has been done 
before. I am sure that many of the methods 
that have been suggested have been carried 
out to some extent in many of the teaching 
establishments of this country, and I feel 
sure that a research could bring forward 
some of these points and enable us to get 
quicker results from the suggestions which 
have been put forward to-night. I hope that 
the Institutions will form a sub-committee. 
If there is any doubt about the need for some 
such research, I hope that perhaps this 
Institution will form a sub-committee of its 
Education Group to look into the question. 

The Chairman, in proposing a vote of 
thanks to Mr. Love : I was surprised at the 
wide variety of points raised in the discussion 
and also at the kindness of many of the non- 
academic contributors in their references to 
the teaching profession. I had thought 
that the chair this evening would be more of a 
dock than a chair. 
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Road Research Technical Paper No. 35, Concrete 
Roads in Belgium and Western Germany, 1934. H.M, 
Stationery Office. Price 3s.—A tour of inspection of 
concrete roads in Belgium and Germany is described 
in this report. The inspection was made by the 
committee for co-operative research between the 
Road Research Laboratory and the Cement and 
Concrete Association. The performance of concrete 
roads in both countries is considered in relation to 
the amount of traffic carried, the subsoil and the 
structural design of the roads. Experiments at 
present being carried out are described, and the 
views of Continental engineers on design, and their 
present practice, are noted. For example, among 
points of interest noted are the Belgian practice of 
spacing joints in unreinforced concrete at greater 
intervals than those normally used in the United 
Kingdom, the behaviour of joints with and without 
dowel bars, and the value of using reinforcement. 
The conclusion is drawn that the tour showed clearly 
that well-designed and well-constructed concrete 
roads carrying a high intensity of traffic will give 
satisfactory performance for many years with little 
maintenance. 
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450 B.H.P. Diesel - Mechanical 
Locomotives 


fi second of two 450 b.h.p. diesel-mechanical 
locomotives, designed and built for the South 
African Iron and Steel Corporation, was recently 
completed at the Leeds works of Hudswell 
Clarke and Co., Ltd. These 0-8-0 locomotives 
are built for 3ft 6in gauge and weigh just under 
574 tons in full working order. Power is trans- 
mitted through a fluid coupling and a dual 
range, three-speed gearbox giving six speeds 
from 4-14 to 25-15 m.p.h. in each direction. 
The maximum tractive effort in the low gear 
range and up to a rail speed of 4-14 mp.h. is 
32,825 lb at the engine’s intermittent one-hour 


centres with integral balance weights are fitted 
with 3in thick, 54in wide tyres, 3ft 9in diameter 
on the treads. 

The engine assembly is carried on a heavy 
plate base supported through resilient pads on 
the main frame. The Paxman 12 RPHL Series II 
diesel engine has a continuous rating of 412 b.h.p. 
at 1250 r.p.m., under site conditions of 4900ft 
above sea level with a maximum ambient tempera- 
ture of 95 deg. Fah.; the one-hour rating being 
453 b.h.p. at 1250 r.p.m. under similar climatic 
conditions. At the forward end of the loco- 
motive the crankshaft is fitted with a Vulcan- 


450 b.h.p. diesel-mechanical locomotive for Iscor Steel Works 


rating of 453 b.h.p. at 1250 r.p.m.; up to a rail 
speed of 8-38 m.p.h. in the high gear range the 
maximum tractive effort is 16,215 Ib. 

One of the new locomotives is illustrated on 
this page. It has Ijin thick steel plate frames, 
rigidly braced and having heavy buffer beams 
stayed ateachend. Central automatic “Alliance” 
knuckle couplers are fitted at each end, with 
Spencer-Moulton rubber springs for the buffing 
and drawgear. The axleboxes carried on renew- 
able hard steel liners in the horn guides of cast 
steel are supported through forged steel links by 
heavy laminated springs. Cast steel wheel 


Sinclair traction coupling, through which it 
drives a long vee belt pulley. From this pulley 
multiple vee belts are used to drive the auxiliaries, 
including the vacuum exhausters and compressors 
for the brake system, cooling fan, &c. The large 
“ Serck *”’ radiator of the engine water cooling 
system is situated at the leading end of the loco- 
motive and incorporates a cooling section for 
the engine lubricating oil. 

Power from the engine is transmitted through 
a Vulcan-Sinclair scoop control fluid coupling, 
which acts as a main clutch between the engine 
and the main gearbox. This fluid coupling 


Control desk with duplicated levers to facilitate driving from either side of the locomotive 
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permits a momentary overload torque to by 
developed, as is sometimes required to overcom, 
the static friction and inertia of a heavy train. 

The “S.S.S. Powerflow ” three-speed vearbox 
and the high and low-range gearbox give gj 
rail speeds in each direction of up to 4-14, 7-44 

12-42, 8-38, 14-45 and 25-15 m.p.h. The three 
speeds in the low range are available for heavy 
shunting duties, and those in the high range for 
handling lighter trains. Engagement of the 
respective gear ranges is effected by manual 
control, and is carried out with the locomotive 
stationary and the engine running at idling 
speed. 

The change-speed mechanism is of synchro. 
self-shifting design, where the gear wheels are in 
constant mesh and a clutch is provided for 
engaging one or other of the gears as determined 
by a control lever in the driver’s cab. In the 
gearbox an air-operated clutch is incorporated 
in the third speed gear train, and, by the 
momentary engagement of this clutch during the 
gear shifting interval, tractive effort is maip- 
tained when changing up. When driving in 
third gear this clutch is maintained in engage. 
ment. The gear changing time is therefore very 
brief and, since the gear engagement is syn- 
chronous, it is effected without shock. 

Gear changing takes place simply upon moving 
the control lever to any one of the three notched 
positions, without hand manipulation of the fuel 
control. When working in first speed the gear 
is locked, whereas slow speed coasting is pro- 
vided when the lever is in second speed position 
so that the locomotive can coast with the engine 
idling. Upon accelerating the engine the drive 
is taken up synchronously in second gear. 

It was specified that the locomotive, in addition 
to its normal duties, should provide electric 
current for the 50 h.p. motor of an independent 
air compressor not incorporated in the loco- 
motive. For this purpose an auxiliary 440V d.c. 
generator is built into the locomotive and this 
generator is chain driven from a_ gearbox 
situated between the fluid coupling and the 
change speed gearbox. By this arrangement the 
fluid coupling is utilised, in its capacity as a 
shockless driving unit, between the engine and 
the generator. The auxiliary gearbox is provided 
with sliding gears for engaging the auxiliary 
generator drive. The driver’s controls for the 
generator drive include an_ interlocking 
mechanism which allows engagement of the drive 
only when the locomotive is stationary and the 
direction gear in the change speed gearbox is 
in neutral position. 

The large cab, which is built of steel plates, 
has a double roof and two doors at the rear 
opening on to a platform. In this cab, as can be 
seen from our second illustration, the controls 
are conveniently grouped and duplicated on 
each side of the control desk for working of the 
locomotive from either side. The instruments 
and gauges are mounted on a central panel over 
the desk. 

Compressed air operated brakes operate 
through rigging to cast iron brake blocks on 
each wheel tread, and vacuum brake equipment, 
together with the necessary train piping, is also 
included for operation of vacuum braked train 
stock. Simultaneous application of locomotive 
and train brakes is provided for by a pro- 
portioning valve on the locomotive. A screw- 
operated hand brake, which is fitted, works on 
the same rigging, but independently of the power 
brake. Two large-capacity compressed air- 
operated sand boxes fitted at each end of the 
locomotive permit sanding in either direction of 
travel. 





British GEAR MANUFACTURERS ASSOCIATION.— 
The half-yearly general meeting of the British Gear 
Manufacturers Association was held on Tuesday, 
November 8th, at the Piccadilly Hotel, London. 
At the meeting a paper entitled ‘“‘ Recent Develop- 
ments in Bevel Gear Cutting Machinery—the 
Gleason Method,” was read by G. W. Nash and 
discussed by the members. At the luncheon following 
the reading of.the paper, Mr. J. E. Skidmore, the 
chairman of the association, proposed the toast of 
“The Guests” and in his reply Professor W. A. 
Tuplin, D.Sc., referred to the wide application of 
gears in industry and the research into questions 
relating to the simplification of gears, also to the work 
in progress towards the standardisation of gears. 
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First Results of the Off-Shore 
Coal Boring Tower 


A note received from the National Coal 
poard states that the first off-shore borehole 
made by the sea boring tower, described in our 
issue of May 27th last, is now almost complete. 
This hole is being bored about 1} miles off-shore 
from the new Seafield colliery near Kirkcaldy, 
Fife. It has proved that the design of the tower 
is satisfactory, and has been successful in increas- 
ing the information available about the undersea 
measures. The limestone group of coals has 
been sought and proved and much other 
yaluable information obtained about the undersea 
strata. It is hoped, providing the weather is 
suitable, to refloat the tower in the next two 
months and re-site it a mile further out to sea for 
proving the main productive coal measures. 

The first borehole has shown that the 
carboniferous (coal bearing) rocks dip more 
steeply out to sea than they do at the Fife coast. 
This has the effect of bringing the coals nearer 
to the shore at the proposed working levels ; it 
also indicates that the main productive coal 
measures, which lie some distance above the 
limestone group of coals and outcrop beneath 
the Firth of Forth, will lie nearer to the Fife 
shore than was expected. 

When the tower was lowered to the sea bed it 
was found that it had been set half a degree from 
the vertical ; it was, however, possible to drill 
satisfactorily within this tolerance. The first 
week aboard was spent in checking the equip- 
ment, after which the guide tube was lowered 
to its fullest extent into the sea bed and a 12in 
casing inserted to seal off the silt and sea water. 
A start was made on May 29th and the difficult 
operation of drilling through the running sands 
and silts was completed in the second week in 
June, the casing being cemented into the solid 
rock at a depth of 210ft from the platform. 
After the first part of the borehole was prepared 
by chisel and rotary roller bit drilling, the 
diamond crown was fitted and coring began. 
Owing to the good weather throughout the 
summer the borehole was driven at the rate of 
130ft a week, which is comparable with the best 
speeds achieved in deep boreholes on land. The 
last core will be brought up from a depth of 
about 3100ft 





Factors Affecting the Efficiency of 
Fluorescent Lamps 


A PAPER discussing the possibilities of obtaining 
higher luminous output from fluorescent lamps 
was given by Messrs. F. Jackson, R. Molloy and 
K. Scott at a meeting of the Iluminating 
Engineering Society in London on Tuesday, 
November 8th. A summary of the paper is 
given here. 

Despite the fact that fluorescent lamps are 
relatively expensive to install, they are being 
used in increasing numbers: in America, for 
example, more fluorescent lamps are used for 
general lighting than filament lamps. Users 
to-day demand lamps that last longer and give 
more light and, because the life and light output 
of fluorescent lamps are not directly related, 
this user requirement can be satisfied. 

Not all the empirical knowledge concerning 
fluorescent lamps has been explained satis- 
factorily, but it is possible to see where further 
advances in light output can be obtained. 
Unfortunately there are many external factors 
that limit such progress. For example, the 5ft 
80W lamp must operate satisfactorily on volt- 
ages from 200V to 250V, although 70 per cent are 
used on 230V or over. A lamp similar to the 
80W, but slightly longer, would work successfully 
on 230V and would be a more efficient light 
source than the existing lamp. The universal 
adoption of 240V in Britain could result in the 
development of higher efficiency lamps of 
different dimensions and electrical characteristics 
from those at present in use. 

Again the highest light output of a given 
fluorescent lamp is obtained at a specific operat- 
ing temperature, which is determined by its 
dimensions and loading in watts and by the 
ambient tures ; however, we use the same 
lamp in both cold and hot locations. It may not 
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be coincidence that for indoor lighting in Britain 
there is a preference for the 5ft 80W lamp, the 
highest light output of which is obtained approxi- 
mately 8 deg. Fah. below the optimum tempera- 
ture for the 4ft 40W lamp, which is used exten- 
sively in the temperature controlled buildings of 
America. 

Fluorescent lamps made under controlled 
conditions in the laboratory give approximately 
4 per cent more light than those produced in the 
factory. This disparity will progressively de- 
crease as the factors responsible for depressing 
the practically obtained value are elucidated. 
Lamp manufacture subjects the fluorescent 
phosphor to conditions of temperature and 
atmosphere which reduce the efficiency with 
which it absorbs the ultraviolet radiation and 
emits visible light. The manufacturing processes 
cannot increase the phosphor efficiency, but the 
control and process development which enable 
lamps to be made with reduced harm to the 
phosphor will continue to increase the light 
output of existing lamps. Theoretical considera- 
tions indicate that our present best phosphors 
are between 80 per cent and 90 per cent efficient 
and, although this suggests that no revolutionary 
advance in phosphor is possible, the main- 
tenance of phosphor efficiency for long periods 
under the conditions which obtain inside the 
lamp will gain importance as lamp life continues 
to increase. 

It is possible to increase the light output of a 
fluorescent lamp by using- krypton instead of 
argon as the filler gas. Unfortunately, such 
lamps have a reduced arc voltage and therefore 
substantial current increases are necessary to 
maintain the present dissipation in watts in lamps 
of existing dimensions ; furthermore, krypton 
lamps are more difficult to start. These two 
factors alone make the starting and control gear 
so much more expensive that it is difficult to 
justify such lamps. 

So much empirical data on the performance 
and operation of fluorescent lamps has been 
accumulated over the past twenty years that, as 
with many modern industries, the achievements 
have outrun the explanations. Even without 
the discovery of new phenomena or phosphors, 
the light output of these lamps can be expected 
to continue to increase as the result of process 
research and development applied to the factory 
techniques necessary for their continuous pro- 
duction. 





Proton Linear Accelerators for 
Atomic Research 


A PROTON linear accelerator of 0:5-SOMeV 
is being designed and manufactured by Metro- 
politan-Vickers Electrical Company, Ltd., in 
collaboration with the United Kingdom Atomic 
Energy Authority, for installation in the Atomic 
Energy Research Establishment at Harwell. 
It will form the first section (described as the 
“pilot section” in the recently issued report of 
the U.K.A.E.A.) for a 600MeV accelerator, 
but it is understood that a decision to proceed 
with the complete plant has not yet been made. 
This proton accelerator will consist of three 
resonant cavities, respectively, 20ft, 40ft and 
40ft in length. The first 20ft will accelerate 
protons from an injector to an energy of 10MeV. 


Power is to be provided by triode amplifiers 
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A similar Metropolitan-Vickers equipment is 
being built for the European Council for Nuclear 
Research (“ CERN ”’), Geneva. It will operate 
at a much lower duty cycle, however, as it is to 
be used as an injector for the new proton syn- 
chroton to be built there. 





Infra-Red Relays 


A New form of electronic relay using a lead- 
sulphide photo-conductive cell as the sensitive or 
detector element has been introduced by the 
British Thomson-Houston Company, Ltd., 
Rugby. 

This equipment is operated by the infra-red 
radiation from a hot body and the built-in relay 
is designed to be capable of controlling an 
external electric circuit carrying an alternating 
current not exceeding 1A at 440V. Originally 
the equipment was developed for use in a steel 
works and the two versions that are now avail- 
able are suitable for service under similar 
arduous conditions. One of them (designated 
“TR2’’) is stated to be capable of detecting a 
body 4ft away at 400 deg. Cent. The other 
(designated “IR3’’) is more sensitive and is 
designed to be able to detect a hotplate at 80 deg. 
Cent. under ideal conditions at the same distance. 





Fig. 1—‘‘ IR2”’ infra-red relay. The cover of the 
die-cast housing is removed to show the electronic 
circuit components and the Post Office relay head 


As illustrated here, the “IR2” relay equip- 
ment consists of two units: one is a die-cast 
box (Fig. 1), containing the electronic circuit 
components and a Post Office relay, and the 
other is a detecting head (Fig. 2), which incor- 
porates the lead-sulphide photo-conductive cell. 
The cell will not operate satisfactorily at tempera- 
tures above about 60 deg. Cent. and, since it may 
be required to work near very hot bodies, such 
as white hot steel billets, it is mounted in a 
specially designed water-cooled housing (Fig. 2). 

Two separate units also contain the “IR3” 
infra-red relay equipment. The electronic 
apparatus is housed in two die-cast boxes (each 
similar to that shown in Fig. 1), which are 
mounted, one above the other, on a backing 
plate. The detector head incorporates a motor- 
driven disc to interrupt the radiation falling on 


driven at a controlled frequency, special valves _ | 3 


having been developed for this purpose by the 
U.K.A.E.A. Grid focusing will be employed in 
the first cavity, but the remainder of the machine 
will use magnetic alternating-gradient focusing, 
to extract a higher current beam. In this method 
of focusing a quadripolar lens is included inside 
each drift tube and these lenses are arranged so 
that the focusing in one plane and defocusing in a 
plane at right angles are interchanged on alternate 
drift tubes; this arrangement produces an 
overall focusing in the manner now employed 
for large synchrotrons. 

To produce protons at an energy of 50MeV, 
radio-frequency power will be supplied to each 
cavity in pulses of 400 microseconds duration 
at a maximum recurrence rate of fifty per second ; 
the injector is to supply a peak current of SmA 
at 0-5MeV and, as 0-5mA is expected to be 
trapped in phase and accelerated within the 
machine, a high output current may be expected. 








Fig. 2—Water-cooled detector head for ‘*IR2” 

infra-red relay. The head contains the lead-sulphide 

photo-conductive cell which constitutes the sensitive 
element of the equipment 
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the cell, thus feeding the equivalent of an a.c. 
signal to the electronic amplifier. To accommo- 
date this motor-driven disc the water-cooled 
housing and the fixing flange are enlarged com- 
pared with the corresponding parts of the 
“TR2” detector head illustrated in Fig. 1. 





Marine Radar Equipment 


DeTAILs of a small medium-powered marine 
radar equipment which has been added 
to the range of the Marconi International 
Marine Communications Company, Ltd., have 
been made available recently. The new set has 
been designed to meet the Ministry of Transport’s 
specification, while at the same time satisfying 
the requirements of ships where low cost, low 
power consumption from mains and space 
considerations are of particular importance. 
Consultation with shipowners has revealed a 
demand for a cheaper radar set without sacrifice 
of performance and it has been to fulfil this need 
that the new equipment, known as “Quo 
Vadis,” has been produced. The unit is not 


Pedestal-mounted display unit 


meant to supersede the higher powered “‘ Radio- 
locator IV,” but to be complementary to it, so 
that it can serve as a secondary set on the larger 
ships and also be used for smaller vessels. 

“ Quo Vadis ’’ has been produced as a result 
of research and the use of advanced techniques 
which have reduced the number of valves to a 
minimum. This has effected economies in size 
and weight without impairing efficiency, while 
still maintaining flexibility of installation and 
ease of maintenance. The equipment consists 
of a display unit, a transmitter unit, aerial 
assembly, a power unit and a motor alterna- 
tor. The display unit, which we show in our 
illustration mounted on_a pedestal, contains a 
total of twelve valves, is constructed of light 
alloy die-castings and includes a plan position 
indicator presentation on a 6in cathode-ray 
tube incorporating a viewing hood. This can 
be supplied with a built-in magnifying lens which 
raises the effective diameter to 9in. There are 
two alternative displays, each of which provides 
five viewing ranges covering radial distances 
of 0-6, 1-2, 3, 10 and 30 miles or, alter- 
natively, 1, 3, 10, 20 and 40 miles. An adjustable 
pedestal is available to take the unit although 
the display, which weighs 33 Ib, can be mounted 
on the chart table. 

The transmitter unit is divided into two 
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sections and in the upper part are located the 
magnetron, klystron, mixer assembly and an 
i.f. amplifier unit, while the lower part accom- 
modates the sub-modulator and the hard valve 
modulator with associated circuits. Better 
definition of close range targets and more 
sustained hitting power on the longer ranges is 
provided by the automatic switching of pulse 
lengths in which the pulse length and the repeti- 
tion frequency are switched from 0-1 micro- 
second at 1000 pulses per second, on the 3 mile 
range and below, to 1 microsecond at a recurrence 
frequency of 500 per second on ranges above 
3 miles. The complete equipment is fully 
operational within three minutes and the number 
of valves is limited to thirty-one. Drying heaters 
which are automatically switched on when the 
equipment is not in use are fitted in the trans- 
mitter cabinet and also in the display unit. 
Dual fitting arrangements are provided for the 
transmitter unit, which may be mounted either 
in a watertight pedestal located directly under 
the scanner or bulkhead mounted with a wave 
guide run to the aerial scanner. The magnetron 
provides about 20kW peak transmitted power. 

For scanning, an off-set parabolic cylindrical 
section is used as an aerial and by adopting this 
form of construction no de-icing equipment is 
required and the weight is kept to a minimum. 
A fixed position echo box is fed from a section 
of wave guide which rotates at 25 r.p.m. with the 
scanner, which produces a horizontal beam of 
1-5 deg. and a vertical beam of 20 deg. at half- 
power points. The side lobes are stated to be 
better than 23db down on the main beam within 
+4 deg. and better than 30db down on the 
main beam outside +4 deg. The power unit 
provides direct current supplies for the equip- 
ment, is fitted with metal rectifiers, and incor- 
porates a main receiver unit which, in conjunction 
with the i.f. preamplifier, operates at an inter- 
mediate frequency of 30 mc/s and a half-power 
band width of 10 mc/s. The consumption of the 
self-excited speed controlled motor alternator is 
about 1kW total power input from the ship’s 
mains. 

The “ Quo Vadis” is normally supplied for 
operation from 110V to 220V d.c., or from 
115V, 50/60 cycles a.c., but provision can be 
made for operation from other mains supply. 
Operational controls include those for adjusting 
tuning, gain, sea clutter, rain clutter, brilliance, 
bearing scale illumination, bearing cursor rota- 
tion, range rings, range switch and heading line 
suppressor. 





Automatic Helicopter Control 


THE single-rotor helicopter is not automatically 
stable, but requires to be flown continuously 
by its pilot. An autostabiliser for these aircraft 
that can act also as an automatic pilot has now 
been developed by the Sperry Gyroscope Com- 
pany’s Aeronautical Equipment Division. The 
principal degrees of freedom of the aircraft 
number five—attitude in azimuth, pitch and roll, 
and forward and vertical speeds ; with a tail 
rotor the aircraft is directionally stable. These 
are governed, on a typical Sikorsky mechanical- 
transmission helicopter, by the pitch of the tail 
rotorand two degrees of cyclical pitch variation for 
attitude, and by collective pitch and rotor speed, 
which together determine the flight path. Sensi- 
tive gyroscopes, a barometric altimeter and an 
air speed indicator are monitored electronically 
to generate stabilising corrections in normal 
flight, saving the pilot from effecting a multitude 
of corrections and giving a steadier flight. 

If the pilot wishes to direct his attention to 
navigation, reconnaissance or otherwise away 
from supervising the aircraft, he can simply 
switch on to manual-automatic operation, in 
which case the machine will continue auto- 
matically in its existing state, whether cruising 
or hovering. However, in this condition the 
flight control system can accept commands not 
only from the flight instruments mentioned 
above, but also from the pilot through his normal 
controls. Movements of the rudder pedals, 
longitudinally or laterally of the rotor head tilt 
control, and of the collective pitch and engine 
power lever, alter the datum levels of the auto- 
matic system so that a climb, a turn, or other 
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manceuvre becomes the stable state. Thus, jf 
the aircraft is cruising on the automatic pilot 
and the pilot wishes to pass over a hill or island 
movement of the collective pitch lever wilj 
bring about a climb ; when the lever is relcaseq 
the aircraft will return to its previous altitude 
Similarly, if a turn is commanded, the automatic 
pilot will carry out a perfectly banked manceuvre. 
These commands are fed into the system through 
sensing devices detecting the load in the ordinary 
mechanical linkage, the system acting to annul it, 
The control unit is built with transistors and 
magnetic amplifiers, failure proofing being 
assured by the technique of “ redundant amplifi- 
cation ’’ in which each electronic unit includes 
two miniature amplifiers. The engine contro] 
maintains constant rotor speed, in conjunction 
with the altitude control, which, for hovering 
flight, can accept signals from submerged sonar 
units or mooring ropes. The system also permits 
pilotless operation, as might be required jn 
tactical use or to raise an antenna. 





Simplified Capstan Lathe 


WE illustrate below a simplified model of the 
standard lin capacity capstan lathe made by 
Murad Developments, Ltd., Stocklake, Ayles- 
bury, Bucks, which has been introduced for 
simple component production in industry and 
instructional purposes in technical schools and 
colleges. It embodies the essential requirements 
and accuracy of the firm’s standard machine, 
but all refinements likely to add to the cost or 
complicate operation have been dispensed with, 
however desirable they might be from the angle 
of increased speed of production. In the new 
machine control of the motor is by direct hand- 
operated rotary switching instead of by oil- 
immersed contactors, as employed in the firm’s 
standard capstans. The front and rear tool 
posts are fixed, but equipped with wedges for 


lin capstan lathe for simple component production 
and training purposes 


vertical adjustment, whilst simple spring-loaded 
pawl turret indexing mechanism is fitted. 

Through a two-speed motor and three-step, 
vee-belt pulleys six spindle speeds are available 
in three ranges giving from 225 to 2590 r.p.m., 
or 150 to 1615 r.p.m., or 85 to 860 r.p.m., with a 
50-cycle supply, and using different sizes of 
pulleys. The machine has a swing of 44in over 
the cross slide and the maximum distance between 
the front and rear tool posts is 54in. Either a 
lever or a screw-operated cross slide can be 
supplied and the slide has a movement of 4tin 
across the bed. The turret has a stroke of 3iin 
and it is locked by a rectangular radial index 
bolt, for which taper gib adjustment is provided. 
The usual drum carrying six adjustable stops 
rotates in step with the turret. 
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Electrochemical Recorder for 
Dissolved Oxygen in Boiler Feed Water 


N electrochemical recorder for measuring 
Ate dissolved oxygen in boiler feed water has 
been developed by the research department of 
the Cambridge Instrument Company, Ltd., 13, 
Grosvenor Place, London, S.W.1. It is designed 
to suit modern boilers in which the higher 
temperature and pressure conditions aggravate 
the effect of even small quantities of dissolved 
oxygen on the life of boiler tubes, Its accuracy 
does not depend upon the oxygen-nitrogen 
balance in the dissolved air. 

The analyser which forms the basis of the 
recording equipment uses an adaptation of 
polarographic principles. Its operation depends 
on the fact that, if a small p.d. (potential dif- 
ference) be applied between two suitable elec- 
trodes immersed in water which has been made 
conductive, then the resulting current will 
depend on the concentration of reducible sub- 
stances in the water. By using two cells with 
different values of p.d. two currents can be 


analyser unit in the event of failure of the cooling 
system. From the lower outlet of the constant 
head column the sample passes through a fixed 
restriction to provide a constant flow and then 
through two “* U ”’-tubes in series. 

At the base of the first “U-tube a salt 
solution is injected through a small nozzle, thus 
making the sample water conductive. A reservoir 
for the salt solution is provided by a small tank 
containing a tubular ceramic filter, to the inside 
of which is connected the salt injection line. 
Salt crystals are added around the filter and the 
reservoir is continuously supplied with water 
from the upper outlet of the constant head 
column, thus providing a saturated salt solution 
at a pressure slightly above that of the sample, 
giving a constant injection rate. The sample 
then passes through a series of baffles to ensure 
complete mixing of the salt solution, to the 
bottom of the second “‘ U ’’-tube which contains 
two platinum electrodes, for calibrating the 
apparatus, as described 
below. Then the sample 
passes through further 
mixing baffles to the 
first of the two glass 
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Simplified diagram of prototype analyser for measuring dissolved 
oxygen in boiler feed water 


obtained, one being proportional to the con- 
centration of certain impurities and the other 
proportional to these impurities plus the dissolved 
oxygen. 

By recording the difference between the two 
currents a measure is obtained of the dissolved 
oxygen only. It is stated by the maker that the 
effect of traces of copper and ferric salts (the 
commonest impurities in boiler feed water) 
are virtually eliminated ; and that the measure- 
ment is not disturbed by other common metals 
(with the exception of lead) in solution, or by 
feed water additives such as soda, phosphates, 
sulphites and hydrazine. The possibility of 
interference by other additives can be determined 
by polarographic methods. 

The equipment, as described here, is in proto- 
type form. The apparatus consists of four units 
—a cooler and flow control valve, an analyser 
unit which is described below, a control panel 
anda recorder. The choice of cooler and control 
depends on the characteristics of the boiler feed 
plant : if the sample supply pressure is not more 
than 100 Ib per square inch, a needle valve is 
used, but if the pressure exceeds this figure it is 
necessary to use a flow regulator consisting of 
orifices placed in series, the number being 
adjusted according to the pressure drop required, 
together with a stop valve. A suitable Cambridge 
electronic recorder is available. 

From the cooler the feed water sample is 
brought to the inlet connection of a constant 
head device in the analyser unit shown in the 
diagram. The base of this unit is fitted 
with a plug containing an alloy which fuses at a 
temperature of 50 deg. Cent., to protect the 
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analysing cells. Each cell 
has an upper electrode 
of silver and a lower 
electrode formed by a 
Ay |G Ther pool of mercury. Inlet 
aN 4 fe and outlet connections 
3 for the mercury electrode 
are provided by small 
“U ”-tubes enabling the 
mercury to be changed 
without admitting air 
to the analysing cell. 
The sample passes from 
the first cell through 
the second and then to 
waste. Differing poten- 
tials are applied to the 
two analysing cells from 
small dry batteries. 
When the selector switch 
on the control panel is 
in the “on” position, 
the recording system, 
which is calibrated 
directly in terms of con- 
centration of dissolved oxygen, measures the 
difference between the currents.in the two cells. 
Provision is also made on the control panel 
for standardising the potentials applied to the 
cells, and a sensitivity adjustment is provided 
for check calibration of the analyser unit. A 
90V dry battery for the calibration system is 
mounted on the panel and is isolated by a double 
pole switch when not in use. 

Although “ poisoning ”’ of the active electrodes 
is reduced to a minimum by the use of mercury, 
it still takes place gradually and it causes an 
error in the instrument readings. Periodical 
calibration is, therefore, necessary. It is done by 
passing current between the two calibrating 
electrodes, from the 90V battery, liberating 
hydrogen and oxygen by electrolysis. The 
hydrogen does not affect the measurement and 
can be ignored, but the oxygen is dissolved in 
the sample and increases the recorder reading 
accordingly. The rate of oxygen generation is 
proportional to the current and, if the water 
flow is known, the oxygen concentration attribut- 
able to the electrolysis is also known. Then the 
recorder sensitivity can be adjusted by a simple 
adjustment on the control panel until the increased 
reading due to the added oxygen corresponds to 
this known value. 

When the activity of the mercury electrode 
surface falls to such a point that the sensitivity 
adjustment just described fails to. compensate 
for it, the surface can be renewed by adding 
mercury through the upper side arm of the 
analysing eell. Mercury then overflows from the 
pool into the “ U-tube outlet, taking surface 
impurities with it, restoring the electrode activity. 
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Variations in temperature do not appear to 
affect the instrument zero, that is, the reading 
obtained with oxygen-free water. But the 
sensitivity depends on the rate of diffusion of 
oxygen to the electrodes and thus rises with 
increase of temperature, the coefficient being 
about 2 per cent per deg. Cent. Compensation 
can be effected by a temperature-sensitive resist- 
ance fitted in a pocket in the lower part of the 
constant-head tower. Slow temperature changes 
are less important because they are automatically 
accounted for in the periodic sensitivity check 
with added oxygen. 

The feed water flow is about 2 gallons per 
hour and a flow of cooling water of about 4 
gallons per hour at 30 deg. Cent. is recommended 
by the maker, who states that the feed water 
temperature at the instrument should be less 
than 35 deg. Cent. and must not exceed 40 deg. 
Cent. In the absence of suitable cooling water 
use can be made of an electrically-operated 
cooling unit. 





Hacksawing Machine 

AN improved design of the 6in heavy duty 
hacksawing machine now being made by Qualters 
and Smith Bros., Ltd., Barnsley, is illustrated 
herewith. This‘machine has two cutting speeds of 
100ft and 150ft per minute with a stroke of 5tin. 
It is driven by a 0-66 h.p., 1000 r.p.m. motor, 
through vee belts, the driving mechanism being 
totally enclosed in the base. 

The rigid saw frame moves in prismatic guides 
and the cut takes place on the draw stroke. On 
the forward stroke the blade is lifted out of con- 
tact with the work by a hydraulic relief cylinder 





6in heavy-duty hacksawing machine with hydraulic 
relief on the return stroke 


which is fitted with two levers. One of these 
control levers regulates the rate of saw feed, the 
other enables the bowslide to be raised or lowered 
as required and automatically raises the blade 
clear at the completion of the cut. An adjustable 
trip stops the motor as soon as the blade is 
raised clear of the work at the end of the cutting 
operation. 

A coolant tank can be fitted in the base, 
together with a pump and the necessary piping, 
if required. The work vice can be positively 
located for cutting at fixed angles of 90 deg., 
60 deg. and 45 deg., or adjusted to any angle up 
to 45 deg. 





INDUSTRIAL DesiGN.—The Council of Industrial 
Design has published its tenth annual report which 
surveys its activities in the year ended March 31st 
last. In it, the Council expresses the view that there 
is “‘a more general awareness of the importance of 
design, and its value to the national economy.” The 
Council feels, therefore, that it can confidently go 
forward with the proposal to open a “ Design 
Centre ” for British industries in Haymarket, London, 
early next year, the final details.of which are now 
being worked out. The report adds “that such a 
centre is recognised as being of national importance 
is shown by the Government’s willingness to bear the 
major part of the cost of setting it up and, provided 
that a minimum of half the running cost is covered 
by receipts; to match the sum received, up to a limit 
to be agreed.” 
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Radio Transmitter-Receiver 

AN h.f. radio-telephone equipment (GNE 510), 
consisting of a 40W transmitter and a sensitive 
receiver, covering a frequency range of 1-5 to 
12-5 Mc/s, has been developed by Mullard, Ltd., 
Century House, Shaftesbury Avenue, London, 
W.C.2. It has facilities for c.w. and m.c.w. 
telegraphy in addition to radio-telephony. It is 
intended to be suitable for fixed and mobile 
service overseas. 

To allow for differences in power supply 
various power packs are available, so that the 
equipment can be worked from the following 
sources : alternating current, 100-125/200-250V 
at 50-60 c/s ; direct current, 12V, 24V, 110V and 
220V. As illustrated here, the transmitter, 
receiver and power unit are contained in a 
cabinet 20in by 144in by 7in, fitted with-shock 
absorbers, for installation in a vehicle. The 
front panel is hinged to open outward and down- 
ward and, as all chassis are mounted on the rear 
of this panel, the whole equipment is exposed for 
servicing in the open position. 

The transmitter is designed to operate on 
eight crystal-controlled frequencies. All tuning 
is preset for each channel and tuning circuits 
are ganged to the crystal selector switch. No 
tuning is necessary, therefore, when changing 
frequency, except perhaps for slight adjustment 
of the aerial circuit. Provision is made fora 
variable-frequency oscillator unit, which plugs 
into the crystal sockets. A low power beam 
tetrode (QV03-12) is used as a Pierce crystal 
oscillator. Above 4 Mc/s this stage is followed 
by a second QV03-12 beam tetrode functioning 


The ‘‘GNE 510”° transmitter-receiver is suitable for 
radio-telephony, c.w. and m.c.w. telegraphy 


as a frequency multiplier. The final stage consists 
of two QV06-20 power tetrodes in parallel, 
operating under class “ C ”’ conditions. 

Tuning is done by means of preset tuned 
circuits in the multiplier and final amplifier anode 
circuits. The final amplifier circuit is of x-section, 
in which input and output capacities as well as 
the inductance value can be selected. Channel 
switching is accomplished by ganged switches 
which select the appropriate crystal, multiplier 
circuit and final amplifier taps. High-level 
anode and screen modulation is used. The 
modulator consists of two EF91 voltage amplify- 
ing stages followed by a pair of QV06—-20 tetrodes 
in push-pull. The modulator can be used 
separately as a loud hailer. A resistance-capacity 
oscillator is incorporated to provide a tone 
source for m.c.w. working. 

The receiver is continuously tunable over the 
same frequency range as the transmitter. For 
simplicity of operation the controls have been 
kept to a minimum: they consist of a wave- 
change switch, a tuning knob, a volume control, 
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and on-off switches for power, beat frequency 
oscillator and loudspeaker. 

It has a nine-valve superheterodyne circuit 
(i.f. 465 Ke/s), employing miniature battery 
valves in all but the r.f. amplifier stage. The 
frequency coverage is 1-5 to 12-5 Mc/s in three 
bands. The circuit consists of the following 
components :—r.f. amplifier (EF95), mixer 
(DK91), oscillator (DF92), two i.f. amplifiers 
(DF91), a.f. amplifier and detector (DAF91), 
and push-pull output stage (two DL93s). . The 
beat frequency valve is a DAF91, and there is 
one germanium diode for automatic gain control. 





Machine Vice for Irregularly 
Shaped Work 


A MACHINE vice particularly intended for hold- 
ing irregularly shaped components or blanks is 
now being marketed by Headland Engineering 
Developments, Ltd., 164-168, Westminster 
Bridge Road, London, S.E.1. It is known as the 
“Polyp”’ variable-angle vice, and its design 
and principle of operation can be seen in the 
illustration below. 

The vice has a substantial cast base with dove- 
tail guides along which the jaw assemblies are 


Machine vice holding plate component, with jaws 
conforming to irregular shape 


moved towards and away from each other by a 
square-threaded screw. Left and right-hand 
threads extend from each side of the mid-point 
of the screw, a jaw assembly being carried by 
the respective threads. Each jaw assembly 
consists of a steel mounting block on the centre 
of which is pivoted a bridge piece. These bridge 
pieces can be swung through 360 deg. on their 
blocks, and each has what is termed a grip link 
pivotally mounted in a slot at each end. 

When the jaw assemblies are drawn together, 
by the screw, on an irregularly shaped component 
the bridge pieces and grip links are free to swing 
on their pivots to comply with the shape of the 
work. In this way the work is locked in the vice 
through four surfaces as shown in the illustration. 
The makers state that when the jaws are set for 
parallel operation work up to 54in thick can be 
held in the vice, and at this setting the width 
across the jaws is 5in, or 4in with the jaw links 
reversed. 





Sound Equipment for Coal Washery 
Supervision 

A NEW supervisory system employing sound 
equipment for communication has been installed 
in a coal washery at a colliery in Scotland by The 
General Electric Company, Ltd. For this 
system loudspeakers and microphones have been 
installed at eleven key points, so that a stoppage 
at any point can be made known immediately to 
every operator controlling or supervising plant, 
and for the manager to give instructions which 
can be heard simultaneously in every section of 
the plant. 

The washery is designed to handle 400 tons of 
coal an hour with froth flotation and flocculation. 
The colliery feeds straight to the washery and its 
production goes on in spite of a washery break- 
down. The washery manager must therefore be 
in a position to take steps at-once to by-pass raw 
coal to the railway wagons unprocessed, if 
necessary, in the event of a breakdown and be 
able to make a full appreciation of the emergency 
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and give immediate orders to meet it. With the 
sound equipment system emergency breakdown 
measures can be quickly taken and all inforna- 
tion to the operator primarily concerned ca: be 
heard simultaneously by all the other opera ors, 
At present microphone and loudspeaker p. ints 
are sited in the washery manager’s office ; i» the 
tippler unit ; at the point where run-of-ciine 
coal arrives from 1 and 2 colliery shafts : at 
the raw coal screens and picking belts ; at the 
top of a spiral chute to the washery bunker ; 
between the wash boxes in the washery ; in the 
froth flotation plant ; the small coal mixer, 
where filter cake is mixed with lin coal and o her 
products to become washed smalls for coki»g ; 
the flocculation plant; the railway wezon 
loading bays ; the hopper room of the bing 
tipper and the electrical substation. 





Electrical Manufacturing Industry’s 
Catalogue 


A PRESS conference was held in London on 
November 9th to mark the issue of the third 
edition of the catalogue of the British Electrical 
and Allied Manufacturers’ Association (Beama), 
As mentioned by Lord Chandos, chairman of 
Associated [Electrical Industries, Ltd. and 
president of Beama, the electrical manufacturing 
industry is the second largest exporting industry 
in this country. Electrical products sent overseas 
in 1954 totalled approximately £220 million, 
and constituted just over one-fifth of all British 
engineering exports in that year. 

Employing some 160,000 people in 1925, with 
an output valued at £70,000,000, the industry 
now employs nearly 700,000 persons, and pro- 
duces annually goods to the value of almost 
£1000 million, of which just under one-half is 
electrical machinery, one-third telecommunica- 
tions equipment and electronic products, and 
the balance domestic equipment. About 400 
firms belong to Beama, which thus represents 
the great majority of manufacturers in this field. 

Constituting a comprehensive buyers’ guide 
to the products and services of the electrical 
manufacturing industry, the third edition of the 
Beama catalogue contains 1034 pages of detailed 
descriptions of products in over 1200 product 
groups, and a trade directory. _It also includes 
a glossary in five languages, viz., English, French, 
German, Portuguese and Spanish. More than 
15,000 copies are at present being issued in all 
parts of the world. The catalogue is in three 
sections, “ Electrical Power Plant,”’ “ Electrical 
Equipment in Industry, Transport and Com- 
munications,”’ and “‘ Domestic and Commercial 
Electrical Appliances, Lighting Accessories and 
Installation.”” Included in the trade directory 
are the United Kingdom addresses and full 
details of all member firms of Beama, as well as 
details of more than 4000 branches, representa- 
tives and agents throughout ninety territories 
abroad. 


British Standards Institution 
All British Standard Specifications can be obtained from the 
Sales Department of the Institution at 2, Park Street, London, W.1\. 
CLASS II OXY-ACETYLENE WELDING OF 
STEEL PIPELINES AND PIPE ASSEMBLIES 
FOR CARRYING FLUIDS 


No. 2640 : 1955. Price 7s. 6d. This publication 
is one of the process standards in the comprehensive 
series for the welding of steel pipeline and tube 
assemblies. It covers the shop and site oxy-acetylene 
welding of the steel pipe and tube assemblies suitable 
for Class II conditions, in sizes up to 20in diameter 
and of a thickness not exceeding yin. It covers all 
kinds of butt joints, branches and sleeve welds, in 
addition to qualifying tests for welders. The appen- 
dices give recommendations for the welding tech- 
niques and the method of preparation for macro- 
etching. 


ALUMINIUM AND ALUMINIUM ALLOY 
INGOTS AND CASTINGS FOR GENERAL 
ENGINEERING PURPOSES. 

No. 1490 : 1955. Price 10s.—This standard was 
first issued in 1949 and the present is a revision of the 
standard. Four new alloys are introduced in the 
revision, while two alloys, L.M.17 and L.M.19, 
included in the original edition, havé been oinitted. 
In addition some of the alloys have been included 
in conditions not previously covered and some 
amendments have been made to chemical composi- 
tions and mechanical properties of the alloys. 
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A Criticism of the Technical 
Education of Recently Qualified 
Engineers 
By P. P. LOVE, B.Sc., Wh.Sc.* 


In this paper presented before the Institution of 
Mechanical Engineers on Friday, November 11th, 
the author submits that current technical education 
falls far short of requirements in training the 
‘student engineer in the skills of applying knowledge 
and using his mind, and he proposes how the means 
to remedy the situation may be sought. A report 
of the discussion appears on page 729 and editorial 
comment on page 713. 


Tue appearance of yet another paper on the 
subject of education probably needs explanation. 
Numerous articles have appeared and speeches 
have been reported, in both the popular and 
scientific press, dealing with the shortage of 
scientists and engineers, and frequently deploring 
the quality of the training of recent graduates 
and certificate holders. In none of the many 
papers read or perused by the author have there 
been any suggestions on a scientific plane as to 
how to deal with the problems cited. Many 
solutions were proposed, but none of them was 
convincing. The present author may have missed, 
among the mass of articles, those dealing with 
the problems in a practical manner, but claims 
forgiveness because, so far as his experience and 
observation go, there seems to be little evidence 
of effective measures. It may bé that no effective 
measures are yet known, or it may be that the 
only way in which these problems can be tackled 
is by numerous probes over a very wide field. 
The author is not, however, satisfied that this 
is the right method of dealing with the problems 
and the main object of this paper is to make a 
case for research into the problems, discover 
their characteristics, and take appropriate action. 

Many of the articles referred to stress the need 
for “ practical application ’’ of scientific know- 
ledge and call for colleges and universities to 
give appropriate training. The author’s view 
is that it is not sufficient to state what is now 
an obvious problem and to command action in 
such terms. None of these “ practical” papers 
gets down to “ brass tacks.” There is talk of 
increasing teaching staff in order to increase 
the output of trained scientists and engineers. 
There is talk of increasing the period of training 
in order to improve the quality of scientists and 
engineers. Such measures increase the immediate 
problem without convincing promise of long- 
term solution. These suggestions appear to be 
made without serious consideration of what is 
required to be taught and how it should be 
taught. If, as the author believes, it is true 
to say that teaching staff now tries to teach far 
too much with too much emphasis on detail, 
then part way to solving the problem lies in 
selection of material to be taught. This point 
has been appreciated by many teaching engineers, 
notably Cave-Browne-Cave (1945), who said : 
“Engineering science includes certain basic 
principles which are really important features 
of each subject. There is a tendency to'swamp 
basic principles with a quantity of current (or 
sometimes ancient) practice in their application.” 
Later he adds : “‘ The magnitude of a syllabus 
requires very careful consideration. Many 
syllabuses have become much too long for all 
except the quickest students.” : 

One of the measures taken recently is to bias 
the direction of scientific effort into teaching, by 
increasing the salaries of technical teachers. 
This is, in principle, the most common way of 
tackling shortages. It sets priorities on the usage 
of existing capacity. It is a simple example of 
the law of supply and demand. The.unfortunate 
thing is that before action of this kind is initiated, 
the problem which it aims to solve is already 
acute, and by the time the decisions are imple- 
mented the problem may have grown to over- 
whelming magnitude. This risk is increased 
where the action itself makes demands on already 
short capacity. 

Increasing the salaries of technical teachers, 
merited though it may be for many: reasons, is 
unlikely to have much effect, The author’s view 
is that, at best, this measure might reduce the 
rate of deterioration of the- situation, and -that 

* Director, Glacier Metal Company, Ltd., Ealing Road, 


Wembley, Middlesex 
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the problem of the training of scientists and 
engineers will e an overwhelming one 
unless dealt with in a more scientific manner 
than would appear to have been applied so far. 
Benjamin Disraeli’s dictum in the British House 
of Commons is no less true to-day. He said : 
“Upon the education of the people of this 
country the fate of this country depends.”’ 


SUMMARY OF OBSERVED PERFORMANCE 


At this point the author wishes to consider 
some aspects of the quality of recently trained 
graduates but, at the outset, wishes to make it 
clear that in his view the present-day training 
received by engineers at most levels is in a number 
of respects better than before, but that the rate 
of progress has been so slight that the current 
standard of technical education falls far short of 
requirements. Therefore, what follows is not a 
comparison of recently qualified engineers with 
those who graduated twenty or more years ago, 
but is a view of the fitness of technical education 
as it is to-day. ° 

In considering these aspects, it is unfortunately 
not permissible to describe examples in such a 
manner as could be recognised to refer to par- 
ticular individuals. To the degree which this 
limit imposes, the examples will not be literally 
true. The author has attempted to produce fair 
representations and believes them to be so. 

It is convenient to bulk the examples into two 
characters, Mr. “ A’ and Mr. “ B.” 

Example 1.—In the manufacture of plain 
half-bearings it is necessary to measure to within 
0-0002in the outer peripheral length of a hollow 
semi-cylindrical metal part. The thickness and 
width of the part are such that the radius of 
curvature is substantially altered within the 
elastic limit by very small radial forces. In fact, 
functionally, the radius of curvature is:not very 
important and, within the part, cannot be used 
for calculating the peripheral length to the 
accuracy required. ; 
The peripheral length is measured by pressing 
the metal part into a semi-cylindrical recess in a 
gauge block fitted with a stop, a loading mecha- 
nism, and a dial gauge, as shown in Fig. 1. 
Sufficient compressive hoop stress is applied to 
the part to be measured to ensure that its outer 
peripheral surface conforms substantially with the 
bore surface of the gauge block and measurement 
is made with reference to a datum surface on the 
block. Within certain ranges of width, thickness 
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Fig. 1—Measurement of peripheral length 


and nominal radius, it is possible to achieve the 
required conformability between the part being 
measured and the gauge block without signifi- 
cantly distorting the latter. 

Developments took place which extended the 
need for accurate peripheral measurement to 
much larger and heavier parts, whose thickness 
required a very substantial load to achieve the 
conformability necessary for consistent measure- 
ment, and there emerged the problem of designing 
a suitable gauge block. 

““A’s”’ approach was simply to alter the 
scale of the existing design, thus making the 
gauge block of massive dimensions in the hope 
that it would be functionally satisfactory. This 
proposal would have been very costly since it 
involved not only the use of much material and 
difficulties in manufacture, but also required 
special lifting tackle to place the block in the 
loading frame. 

‘* B’s.’ approach was to analyse explicitly the 
condition to be met, namely, minimum distortion 
of the gauge block and to consider how to 
minimise the effect of the loads applied. He 
studied these and, by. the application of quite 
elementary knowledge, designed the location of 
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the reactions to result in minimum bending 
moments in that region where they would have 
the greatest influence on the shape of the block. 
The arrangement is shown diagrammatically in 
Fig. 2, from which it will be seen that the sup- 
porting reactions are so situated as to cancel 


substantially the bending moments in the 
influential region. 


The knowledge used by “ B” in solving this 
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Fig. 2—Designing a gauge block 





problem was well within “ A’s”’ certified know- 
ledge of applied mechanics and strength of 
materials. When directed in method, “ A ” was 
able to arrive at practically the same answer. 
Example 2.—In the same industry it is required 
to machine a flat surface approximately tin 
wide by 3in long to an accuracy of 0-0004in 
relative to a parallel plane of reference. The 
allowance for finishing this surface varies from 
0-008in to 0-018in and 600 such surfaces must 
be finished every hour. The method in general 
use is broaching. The broach blade which is 
about 15in long may have any number of teeth, 
but there must be at least three in 3in so that, 
except at the beginning and the end of the 
operation, at least two teeth are cutting. The 
problem was to design the broach blade to give 
the longest life within a limited range of cutting 


speed. 

“A” approached the problem by reading the 
literature and, finding very little which he could’ 
apply, set about a long series of experiments, 
using different designs of broach blade, in which 
he varied, one at a time, each dimension or 
characteristic of the blade he thought might be 
significant, namely, tooth pitch and step, tooth 
land, tooth rake, tooth clearance angle, tooth 
shear angle, chip clearance radius, and blade 
material and heat-treatment. A life before re- 
grinding of 50,000 operations was considered 
the minimum acceptable. “ A’s”’ experiments, 
not all of which were completed, occupied on 
average fifty hours each, and even on his assump- 
tion that there would be no interaction between 
any of the factors, his experiments on two levels 
for each factor would extend over 800 hours, 
involving sixteen sets of broach blades at £60 per 
set and 480,000 pieces, many of which would be 
scrapped in the experiment. 

“B” had observed that when the accuracy of 
the operation was out of control the surface 
finish was visibly poor. He planned an experi- 
ment using a lathe in which he “ faced ”’ the end 
of a tube fin thick by means of a single “ broach ” 
tooth. The tooth step was reproduced as feed 
per revolution, tooth shear angle was reproduced 
by having the tool set above centre height. The 
diameter of the tube was about 3in and it was 
slotted in three places to reproduce the interrupted 
cut. Like “A,” “B” also assumed no inter- 
actions, but his experiments occupied about 200 
hours and involved only six single-tooth tools 
costing about £3 each, operating on an aggregate 
length of about 20ft of 3in diameter tube. Unlike 
“A,” “B” was able actually to see what 
happened to the chip and to design into the 
blade a suitable chip clearance radius. “B” 
also observed that this factor at low levels of 
cutting speed would have such significant inter- 
action with rake, step, and shear angle as to have 
vitiated- many of the experiments which “A” 


had planned to carry out. “ B’” used no know- 
ledge outside “ A’s ”’ certified range. 

About six months after the completion of 
“* B’s”’ experiments a large American motor car 
manufacturer published designs of broach blades 
for the particular operation referred to. In 
private communication it was ascertained that 
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they had carried out an extensive investigation 
on the lines proposed by “A.” The American 
design was almost identical with that based on 
the results of “ B’s ” experiments. 

Example 3.—A testing machine was required 
to apply sinusoidal loading to a number of 
bearings. Taking other factors into considera- 
tion, it was decided that two assembly units as 
shown in Fig. 3(a) would meet the requirements. 
The unit comprised a shaft carried in two pairs of 
static connecting-rods, the inner pair being set 
at right angles to the outer pair, and between 
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(a) Basic arrangement. 
In position shown, the cap halves of rods B and D are being 
subjected to the full load. Rods are clamped at little ends but 
free to fiex at necks. 


(56) Arrangement where rotating load is balanced. 
A—Counterbalancing eccentric weights. 
(c) Arrangement having separate balancing shafts. 


(d) Arrangement where sinusoidal couple is balanced. 
A—Small counterbalancing eccentric weights. 


(e) Arrangement in which balancing couple is provided by 
resonant masses. 


Fig. 3—Arrangements of machines for testing bearings 


each inner and outer rod eccentric weights were 
mounted on the shaft. The test shaft speed was 
to be 4000 r.p.m., at which speed the total 
maximum centrifugal load on each shaft was to 
be 25,000 Ib. The problem of balancing this load 
had to be solved. i 

“ A’s”’ approach was simple. He knew of a 
similar type of machine where the rotating load 
was balanced by mounting eccentric weights at 
the ends of the test shaft which was so extended 
and supported as to have negligible effect on the 
sinusoidal loads. required. Fig. 3(6) shows this 
arrangement. “ A ”’ considered that this arrange- 
ment had certain disadvantages of inaccessibility, 
particularly in respect of dismantling and 
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assembling at the end and beginning of tests. 
“* A’s”” ultimate solution was to have separate 
balancing shafts, even though this involved 
additional drives, and his arrangement is shown 
in Fig. 3(c). Like the original arrangement, 
balancing was achieved by rotating weights 
phased at 180 deg. 

** A’s”’ design was adopted and built. Mr. 
““B”’ comes along and says that had he been 
given the problem he would have proposed 
putting the two test units in opposition and as 
near to one another as possible, leaving only a 
sinusoidal couple to be balanced and this could 
be counterbalanced by two relatively small outer 
balancing units. “ B’s ” proposal is shown in 
Fig. 3(d). “ A’ agreed that “ B’s ’’ arrangement 
would have been a considerable improvement 
and was stimulated to producing the arrangement 
shown in Fig. 3(e), in which resonant masses 
provided the balancing couple. Again “B” 
used no knowledge outside “‘ A’s”’ certified 
range. 


ANALYSIS 


Many such examples could be described. (The 
author has intentionally described examples of a 
strictly material type. If there is, as the author 
contends, so much to be studied in the approach 
to relatively simple material problems, how 
much more is required in respect of more com- 
plex problems ? The fact that many engineering 
problems have substantial psychological and 
sociological elements will be seen to strengthen 
and not weaken the subsequent discussion.) 
The author has observed the performance of 
some eighteen graduates faced with the solution 
of such problems and has reached the conclusion 
that there is a very great variation in the effective- 
ness with which graduates apply their knowledge. 

In example 1, “ B ”’ solved the problem by con- 
sidering the forces in the system while “ A’s”’ 
thinking was bounded by the existence of a 
particular design, successful so far as it went. 
In example 2 a broaching machine with its 
hydraulic mechanism was, in “ A’s”’ mind, as 
if by wont, essentially involved in the problem of 
machining the surface. “B’”’ was able to dis- 
sociate the broaching machine from the process 
in operation at the cutting edge of the broach 
blade tooth. If that process were at fault no 
amount of complication was likely to avail. In 
example 3 “ A’s”’ thinking was again bounded 
by the knowledge of a particular design. It 
would almost appear that the more the familiarity 
with current practice, the greater the suppression 
of thinking along fundamental lines. 

In other words, there seems to be a correlation 
between this effectiveness with which knowledge 
is applied and the amount of training in funda- 
mental principles. This is perhaps because the 
“ thinking ’’ involved in understanding funda- 
mentals is explicit as compared with that involved 
merely in acquiring technical knowledge. At 
least the thinking is less likely to be obscured 
by tenuously connected facts; and it would 
appear that training in fundamental principles 
encourages an explicit process of thinking to 
replace the intuitive approach to technical 
problems. 

If there is in fact a correlation between 
effectiveness of application of knowledge and 
amount of explicit training in fundamentals, it 
implies that time is better spent on giving students 
an appreciation of fundamentals than on dealing 
with complex applications of these fundamentals 
to machinery, however m: This would be 
appropriate for the added reason that the present 
age is one where the knowledge available is so 
extensive that a detailed appreciation is beyond 
the compass of one life and a grasp of the know- 
ledge is only possible by abstracting the funda- 
mentals. 

But fundamental knowledge is itself becoming 
so extensive that it may shortly be impossible to 
apply it effectively, even in one field, unless the 
underlying principles of how to apply the know- 
ledge are themselves sought, studied, and applied. 
In a limited field of knowledge an extensive 
practical training can sometimes be successful 
because some people can, in the course of time, 
abstract the principles implicit.in their training 
and apply them intuitively to subsequent prob- 
lems with which they are faced. The academic or 
university training condenses the experience of 
ages by explicit training in the fundamentals 
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which can be developed, stated, and demop. 
strated so that a person of average intelligence 
can understand them. 

Likewise, in a limited field of fundarienta 
knowledge, experience in the application «f that 
knowledge frequently results in effective se of 
the knowledge in relation to subsequent pro!|ems 
because some people can abstract the principles 
of application implicit in their training. One 
thing which the author feels is now required jg 
explicit training in how to apply fundar.ienta| 
knowledge, or explicit training in how to think 
and efficiently use the available wealth of ‘now. 
ledge. The author believes that the concept of 
scientific method is as applicable to the uiilisg. 
tion of knowledge as it is to the discovery of new 
knowledge. 

In the examples described, “A’s”’ approach 
was to try the first thing which occurred to him 
which he judged to be likely to provide a solution, 
He did not go further and attempt to find another 
possible solution by which to make a judgment 
on the relative merits. He may have been 
satisfied, as many people are, with the idea that 
there are many solutions to an _ engineering 
problem and one is as good as another. “ B’s” 
approach was analytical, in some instances 
unconsciously so. In example 3, a glimmer of 
the analytical approach was sufficient to permit 
him to use his knowledge much more effectively 
than otherwise. If a glimmer of the under- 
standing of the analytical approach can make a 
difference to the effectiveness with which know- 
ledge can be applied, what a difference could be 
made by explicit training. Sufficient has been 
written about approaches to material problems. 
Sir Charles Renold (1951) has written that skill 
in using the mind can only be acquired by 
practice, but goes on : 

“It is, of course, true that the acquisition of 
this skill in using the mind can be assisted and 
speeded up by knowledge of certain techniques 
in thinking. There is, for instance, a fairly 
definite technique in thinking in reaching a 
decision as to a course of action. The steps are 
as follows : 

“* First : define the problem. 

** Second : assemble all the data bearing on it. 

“Third: vet the data to distinguish the 
elements that are of dominant significance from 
those that are relatively unimportant. 

“* Fourth : consider the courses of action that 
are possible in relation to the problem and the 
circumstances. 

“Fifth: develop each course of action 
separately in imagination to see where it would 
lead and what its consequences would be. 

“* Sixth : decide which consequences are most 
acceptable or the least disadvantageous—and 
that settles the best course of action.” 

The author has discussed this question with 
over twenty university graduates in applied 
science and in no single instance could any 
recall having received any explicit training in 
how to think and efficiently use the knowledge 
which had occupied their attention for the best 
part of four years. One graduate said: “ The 
lecturers I had to shun teaching their 
students how to think.” 

The author has also discussed this question 
with a number of teachers of applied science. 
By and large, they agree that there is a problem 
but most of them assert that they now teach and 
always have taught their students how to think. 
Further discussion showed, however, that they 
were relying on their students being able, as 
many no doubt are, to get an intuitive grasp of 
“how” to think. One college principal had, 
in the author’s view, a fairly clear idea of his 
objective which was that his college was “ not 
merely to aid the student to learn certain tech- 
niques and to acquire a knowledge of science and 
technology and some of the industrial applica- 
tions of science. Its teaching must be such that 
the students come to appreciate the scientific 
approach to a problem, how the scientist tackles 
the new and unknown and how he expresses 4 
scientific answer to a question.”’ But he went on 
to say: “ This is difficult to achieve ; it cannot 
be enshrined in a syllabus but it should permeate 
the teaching.’ And there was little in the 
syllabus of that college to indicate any difference 
in the teaching from the standards of many 
years ago. Change in the syllabus hasbeen 
largely limited to substitution of modern appli- 
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cations for old applications, for example, the 
gas turbine is studied in place of Willans’s steam 


engine. 

The author has asked a number of lecturers 
and teachers if they ever explicitly state how to 
approach a problem explaining the necessity for 
each step. The nearest reply to the affirmative 
was by one or two secondary-school science 
teachers who had “ routinised”’ students’ reports of 
experiments into “ object, apparatus, observation 
and conclusion ”’ but they did not spend any 
time specifically on the study or explanation of 
scientific method on which this routine was 
based. Indeed, they were far from encouraged 
to do so. In spite of any pious statements of 
educational policy they saw their objective as 
training students to pass an examination and 
carry out an arbitrary amount of course work. 
The course work can be done to the satisfaction 
of the degree-giving authorities by any plodder 
given time, and the examination questions rarely 
involve a single step in the technique of thinking. 
As a rule, all that the general examination ques- 
tion determines is whether or not the student 
has a knowledge of the subject of the question 
and has the ability to transfer that knowledge 
from his memory to the paper. Most of the 
important elements of the thinking process have 
been carried out by the person who set the paper. 
Frequently, questions are in two parts, the first 
part of which, by implication, tells the student 
which piece of fundamental knowledge is required 
to solve a problem given in the second part 
which, in turn, gives all, and nothing but, the 
data required to arrive at a 100 per cent answer. 

Thus, the problem extends to one of the most 
long-standing of educational problems, the 
examination as a means of selection. There is 
an apocryphal wartime story of how an almost 
completely annihilated battalion was reformed. 
About a thousand men were required and some- 
one had noticed that in one large regiment there 
were about a thousand soldiers with false teeth. 
Since the required criterion was simply a number, 
the problem of selection was solved. The 
author wonders whether it is possible that 
number is in fact the main criterion in the 
selection of people for entry to any level of 
education, and for exit with a certificate. 

Examinations, of the conventional type, are a 
means of allotting a gradation of marks, and 
candidates can be selected to fill a given number 
of places by drawing a line at a convenient level. 
The Examinations Inquiry (Hartog and Rhodes, 
1936) showed, however, that of twenty-three 
candidates sitting an honours-degree mathe- 
matics paper only the top two were consistently 
so placed by six independent examiners. At a 
pass mark of 66 per cent only five candidates 
would have been acceptable to all examiners, 
and seven candidates, whose placing varied from 
fourth to twelfth, would variously have been 
accepted by some examiners and rejected by 
others. Thus, if there were ten places only five 
would consistently have succeeded and for seven 
candidates it would have been a matter of chance 
whether they were selected or not. 

So attractive is the simplicity of drawing a 
line at a level convenient to the circumstances 
that the conventional examination, despite its 
injustices, has not only survived but has become 
the prime objective of many engineering training 
courses. Consequently, in so far as examinations 
fall short of reproducing realistic problem 
situations, those courses fall short of providing 
training adequate to deal with the problems. 
The author recalls only one engineering examina- 
tion which was different, namely, “ the ten day 
design’? which was set, among others of the 
conventional type, to engineering students 
wishing to qualify for the Diploma of the Royal 
Technical College, Glasgow. This examination 
has been dropped, and the author suspects that 
this may be because too few students, otherwise 
excellent at answering typical examination 
questions, attained a reasonable standard. It is 
pleasing to note in the reportt on “ Liberal 
Education in a Technical Age,”’ under the chair- 
manship of Sir Robert Wood, K.B.E., C.B., 
that “ if a student were permitted to use, in the 
examination room, reference books of the kind 
without which he would not dream of practising 
his profession, much might be done to ease the 
problem of mechanical preparation and of 
t Published by Max Parrish and Co., Ltd. 
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memorising material which no sensible prac- 
titioner ever tries to carry in his g 

In the face of all this, is it to be wondered that 
people subject to such processes fail to apply 
their knowledge with reasonable efficiency ? 
Is there not an abundance of evidence to support 
the view that the methods and many of the 
syllabuses of present-day engineering training 
are out of date and inadequate to meet present- 
day requirements ? Is it not a fact that in the 
last fifty years few branches of human activity 
have made such little headway as the training of 
engineers ? 


APPROACH TO THE PROBLEM 


The question which now arises is how to deal 
with the problem. Action might be proposed 
purporting to effect an immediate improvement 
of the situation, but, in the absence of actual 
trial by which it could be proved right, fair or 
wrong as the case might be, such a proposal 
would be as unconvincing as the many proposals 
already put forward. These proposals are akin 
to “‘ A’s”’ intuitive attempts to solve the tech- 
nical problems. Accordingly, the present author 
is not going to propose a specific solution but 
pleads rather for a scientific approach to the 
problem. It is as real a problem as any technical 
problem in industry. It is much more important 
and urgent than many problems in industry and 
it deserves an explicit analytical approach, such 
as that outlined by Renold (1951) and quoted 
above. 

Although Renold’s technique might not meet 
with universal acceptance (it is, for example, 
rarely possible to assemble all the data bearing 
on industrial technical problems), what would 
happen if it were applied to this problem of 
quantity and quality of trained engineers ? 
Can the problem be defined ? More“ educated ”’ 
engineers in quantity and quality are required. 
Let that be the starting point, abbreviated for 
convenience as “the supply problem,” and let 
it be assumed that there is a group of people 
suitable to be engineers. (This assumption is 
valid because, in spite of the present system, good 
engineers come forward. It is not assumed that 
all potentially good engineers are given the 
opportunity to have a technical training, nor is it 
assumed technical training is limited to potentially 
good engineers.) These suitable people have now 
to be educated. 

The author can find no better definition of 
education than that given by John Milton: 
“T call therefore a complete and generous 
education that which fits a man to perform 
justly, skilfully and magnanimously, all the 
offices both private and public of peace and 
war,” except that it would not be reasonable to 
expect a man to be fit for “ all the offices,”’ but 
he should at least be fit for the office he chooses. 
In this instance it is engineering and the name 
“‘ engineering ’’ suggests the objective of the 
education. Engineering has been described as 
the art of directing the powers of nature to the 
will of man. An engineering education must, 
therefore, be the acquisition of the art of applying 
the knowledge of the powers of nature. In 
practice, this may be stated as the acquisition of 
the art of solving a series of technical problems. 

The next step is to collect the data, or at least 
sufficient data to permit classification. and 
deduction. The field is certainly very wide. 
According to the annual report of the council 
of the Institution of Mechanical Engineers for 
1954 there were, on December 31, 1954, just over 
23,000 corporate members. Many, if not all of 
them, must be affected one way or another by 
the supply problem. Surely the co-operation of 
sufficient of them could be got for the collection 
of data for the study of these questions. A 
survey could be made in two stages, first by 
response to a questionnaire and, secondly, by 
interview. The author does not wish in this 
paper to go into the detailed method of getting 
the data but considers it necessary to give some 
indication inorder to show that such a step 
would be reasonably possible. 
design of questionnaire is outlined in Appendix 
IIt but it should be realised that this is a technical 
issue in itself and that there are people skilled 
in the art. The author has, in discussion, 


received comments on the questionnaire and’ 
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the interview. These comments are as under : 
First, that it is too long. Agreed that it is 
certainly long, the author does not suggest that 
this is what would necessarily or finally be 
submitted by a research scientist investigating 
the supply problem. He might obtain the data 
in two stages : first in a simple form and, then, 
from those expressly willing to co-operate, in a 
more detailed form. 

Secondly, that it is not long enough in the 
sense that it would not give enough information. 
That comment the author also respects. 

Thirdly, that many of the questions are too 
personal and, in consequence, would not be 
answered. No doubt, many would refuse to 
help but surely out of 23,000 people it would be 
possible to get from 2000 to 3000 replies. Even 
a few hundred replies would go some way towards 
providing data for analysis. 

Fourthly, that to complete the interviews 
would occupy a large team of investigators for a 
long time. This last comment the author cannot 
accept. There is on record the fact that three 
research investigators interviewed 11,734 people 
for case histories prima facie as complex. as 
envisaged in the questionnaire and certainly on a 
much more delicate subject (Kinsey, Pomeroy 
and Martin, 1949). Although those interviews 
in all were spread over nine years, no fewer 
than 8135 were done within three years when the 
interviewing techniques had been developed. 
The average number of questions answered at 
each interview was 300. The statistical problems 
involved in analysing the data are fully described. 

To return to the issues of engineering educa- 
tion, the author is not suggesting a solution, 
but how a solution may be found, namely, as 
with the finding of many solutions to problems 
in the industrial world, by research. The problem 
exists and there is no end to the data which 
could be culled and analysed, by which the 
elements of dominant significance could be 
recognised, and by which generalisations could 
be made and tested either by experiment or 
extended observation in the field. Following the 
course of scientific method, conclusions would 
be reached which might well advance educational 
methods as mathematical methods were advanced 
by the invention of differential calculus. It is a 
higher level of abstract thinking that is required 
in technical education. That, at any rate, is the 
author’s view. 

At this point the author would like to end, 
but, is, frankly, afraid to do so. At least three 
more questions must be answered. They are : 

(1) Who will carry out this research pro- 
gramme ? 

(2) Who will bear the expense ? 

(3) As time is short, can any short-term action 
be taken ? 

In answer to the last question the author 
ventures to suggest a course on the cultural back- 
ground required by engineers. Inspection of 
standard syllabuses indicates the possibility of 
fitting this course into the first two years of 
most engineering degree curricula. The objects 
of the course would be, first, to cover in explicit 
terms much of the methodology which is unfor- 
tunately implicit in standard course work and 
to attempt to make the student aware of the 
front of sciences in other fields and, secondly, 
to form the subject of a pilot experiment, the 
effects of which could be studied. 

In regard to the question of costs, let the 
following statistics§ be considered. Although 
the figures refer mainly to primary and secondary 
school education, they are very probably a fair 
representation of the situation in higher technical 
education. 
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research in education could not, apparently, 
be discerned and was probably considerably less 
than £1,000,000. 

Education is probably the most important 
national activity. It absorbs 14 per cent of total 
taxation. Millions of pounds are spent annually 
on research into methods of destroying mankind, 
but next to nothing is spent on research into 
methods of educating them. (Paradoxically, 
some of the most effective methods of training 
and education have been developed by armed 
forces authorities.) If this Institution, together 
with the Institution of Civil Engineers and the 
Institution of Electrical Engineers and with other 
professional bodies, were to show a positive 
and concrete interest in such a research, surely 
the money would be forthcoming. If not by 
direct Parliamentary vote, then possibly by a 
grant from the funds of the Department of 
Scientific and Industrial Research. If not by a 
grant from those funds, then by a grant from 
industry. If those charged with the nation’s 
future do not support such a project, sooner or 
later industry will have to do so. 

How much money would such a project cost ? 
The author’s view is that a research leader with 
a team of five investigators could arrive at 
significant conclusions inside five years. At 
present costs, inchuding charges for statistical 
and clerical services, accommodation and travel- 
ling, this could be done for £20,000 a year— 
that is, about 0-04 per cent of the national 
expenditure on higher technical education, which 
is surely an insignificant amount. In five further 
years the conclusions could be applied and would 
begin to have their effect. In the absence of 
alternative acceptable proposals, the fact that 
this is so long term should encourage rather than 
deter action. 

In regard to the remaining question as to who 
would carry out such a research, what kind of 
investigators are at present best suited by their 
training to undertake this work ? It is this 
question that provides the sting in the tail, for 
it is the author’s view that engineers, as such, are 
not likely to be the right people. One reason 
is that they are the subjects of this study and they 
would have to display a very rare measure of 
objectivity indeed—somewhat too rare for the 
research to have reasonable chances of success. 
This would apply, a fortiori, to teachers of 
engineering subjects. If such exclusion requires 
any support it is only necessary to refer to the 
Proceedings of the E.U.S.E.C. Conference on 
Engineering Education, published in 1953 by 
the Conference Organising Committee. The 
object of the conference was to explore the 
subject of the education and training of pro- 
fessional engineers. Six resolutions were adopted 
by the thirty-two delegates, all of whom were 
engineers and most of whom were teachers of 
engineering subjects. The first resolution — 
“That a second conference on Engi 
Education and Training be held in 1954, if 
possible in the week commencing September 
27th, at an appropriate place on the continent 
of Europe.”” The remaining resolutions were, 
in the author’s opinion, no less disappointing. 

The author believes that the proposed research 
could best be undertaken by sociologists. Educa- 
tion, including the education of engineers, now 
constitutes a sociological problem. A sociologist 
would be less likely to be conditioned by the 
conventions of present engineering education. 
But the research would require the co-operation 
of engineers and teachers of engineering subjects. 
For the time being, the initiative can be taken by 
the engineers and their institutions ; if they do 
so it will be to their credit, but time is short. 
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Continental Engineering News 


Production and Trade in West Berlin 


During the first six months of this year, 
industrial exports from West Berlin to the 
Federal Republic amounted to DM.1500 million. 
This constituted about 59 per cent of the total 
output, of which some 30 per cent was absorbed 
locally, 10 per cent exported abroad, and 1 per 
cent goes to East Germany. may 
be compared to those for the whole of last year, 
when exports to the Federal Republic totalled 
DM.2600 million. On the other hand, imports 
from West Germany for the first half of 1955 
were over DM.2000 million, while in 1954 they 
totalled DM.3900 million. 

Of the total of DM.2600 million delivered to 
the Federal Republic in 1954, electrical engineer- 
ing products accounted for DM.910 million 
(35 per cent), textiles and clothing DM.610 
million (23 per cent), metal industries, including 
precision instruments and optics DM.520 million 
(20 per cent), food and drink DM.140 million 
(8 per cent), and paper and printing products 
DM.138 million (5 per cent). The deliveries of 
scrap iron dropped to an annual figure of DM.42 
million (1-6 per cent), since West Berlin had 
disposed of most of its rubble. 

Imports in 1954 from the Federal Republic 
consisted mainly of raw materials (DM.1500 
million, or 38 per cent), and foodstuffs (DM.1000 
million, or 27 per cent of the total of DM.3900 
million). In addition, textiles, leather goods and 
clothing accounted for DM.470 million, and 
chemical products for DM.290 million. 
comes in the main from East Germany in the 
form of brown coal, and only DM.127 million 
worth were imported from the West in 1954. 

As regards foreign trade, goods to the value of 
DM.272 million were exported to European 
countries last year, DM.110 million to America, 
DM.55 million to Asia, DM.15 million to 
Africa, and DM.6 million to Australia and the 
Pacific area. [Electrical engineering products 
topped the list with DM.195 million, next came 
machinery with DM.115 million. Exports to 
the Eastern Block amounted to DM.11 million. 
One aspect of the industrial situation is the large 
proportion of unemployed—118,000 persons, or 
12 per cent, compared with 3 per cent in the 
Federal Republic. 


International I.C. Engine Congress, 1957 


It is stated that the next Internal Com- 
bustion Engine Congress will be held in Zurich 
in the middle of June, 1957. The congress 
follows those previously held in Paris (1951), 
Milan (1953), and The Hague (1955). The 
theme is to be : “ Supercharged diesel engines 
and combustion turbines in different spheres : 
marine, traction, and stationary. Research : 
results and future.” As at previous congresses, 
the meeting will take the form of discussions 
followed by technical visits. It is to extend over 
one week ; fuller details are to be published 
later. The total number of papers which can be 
admitted for discussion is limited to twenty-four. 
Intending contributors are invited to send details 
to Mr. C. C. M. Logan, secretary of the British 
National Committee, 6, Grafton Street, London, 
W.1, by February 1, 1956, stating name, appoint- 
ment and qualifications for the chosen subject, 
and the title of the paper, accompanied by a 
synopsis of not more than two pages complete 
with a list of probable illustrations, graphs and 
tables. Papers of a purely descriptive, com- 
mercial or advertising character should be 
avoided, also those of an exclusively theoretical 
nature. Authors will be advised in March, 1956, 
whether their papers have been accepted, and 
will then receive further instructions for drawing 
up the final versions. 


Aluminium Industry for French Africa 

A company to prepare the establish- 
ment of an alumina and aluminium industry in 
French Africa has been set up by French, 
Italian, Swiss and West German aluminium 
firms. The firms Pechiney and Ugine (France), 
Montecatini (Italy), Vereinigte Aluminium 
Werke (West Germany), and the Société 
Anonyme pour [Industrie de l’Aluminium 
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(Switzerland) have jointly set up the Sociétg 
Resenronne pour l’Etude de I’Industric de 
Aluminium en Afrique (Afral), with head. 
quarters in Paris. The announcement made it 
clear that the five companies had left the door 
open for . other foreign participants. The 
capital of 20,000,000 francs is shared equally 
between the French, Swiss, Italian and German 
groups. It is relatively low, as for the time being 
the company is only to study the technical and 
financial details of the project. 

The five companies recently joined forces to 
set up an international firm to deal with power 
supplies. The Société Civile d’Etudes Hydro- 
electriques du Konkoure et du Kouilou, as it js 
called, has an initial capital of 1000 million 
francs, in which the French Government's 
Caisse Centrale de la France et d’Outremer will 
hold 55 per cent. In the new company, A\ral, 
only private interests are represented. 

The project foresees the construction of 
hydro-electric power plants with a potential 
high enough to permit aluminium output of 
500,000 to 600,000 tons per year ; the price of 
this aluminium being competitive with that 
produced elsewhere. 

In the case of Kouilou (Middle Congo), 
where one plant may be set up, the electricity 
supply is expected to be obtained under more 
economic conditions than would be possible in 
Guinea, where the Konkoure River’s irregular 
flow raises complicated problems. Guinea has 
very rich bauxite deposits, however, so that pro- 
cessing on the spot would reduce other pro- 
duction costs. The Middle Congo plant would 
have to be supplied with Guinea bauxites. This 
would, nevertheless, be cheaper than shipments 
from Europe, as is the case for the Cameroons 
plant, which is at present being built by Alucam, 
a subsidiary of Pechiney-Ugine. Alucam is 
scheduled to produce 8000 tons of aluminium in 
1956-57, and after completion of the project 
45,000 tons annually. The Cameroons project 
is exclusively French; Pechiney and Ugine 
share with the Government the cost of invest- 
ments in the power stations, but run the Alucam 
company on their own. 


French Air and Sea Navigation System 


For a radio navigation system, whether 
for use on sea or in the air, to be effective under 
all conditions, it should be automatic, with no 
manipulation required other than that necessary 
for tuning the receiver to known frequencies. 
Its indications of position should be instan- 
taneous and continuous, without being limited 
by distance or by the state of the weather, and 
they should be non-ambiguous, with only one 
position corresponding to each indication. These 
features are claimed for the “ Radio Mailles” 
(radio-mesh) system, of which an experimental 
set-up has recently been installed near Paris by 
the company which developed it, the Societé 
Frangaise des Télécommunications, 72, rue 
Chauveau, Neuilly-sur-Seine. 

Another requirement which the radio-mesh 
system is designed to fulfil is that for “ objective 
position determination,” i.e. the position of the 
aircraft is transmitted to the ground control 
stations (and can be made available to any 
number of stations). Positions are indicated 
directly on a map. In addition, it is possible for 
the control station to communicate with an 
aircraft without the communication reaching 
other crews. This can be done even if only the 
position but not the identity of the aircraft are 
known. Such selective communication greatly 
facilitates the carrying out of air traffic regula- 
tions. 

Basically, the system operates by generating a 
grid of Position lines covering the area in which 
position is to be determined. These lines form a 
pattern which is made up of curvilinear quadri- 
laterals approximating to squares (Fig. 1), 
the size of each square being chosen to suit the 
application, e.g. half mile or less at the approaches 
gages tomar or several miles over the open 


ps. producing the grid or mesh, four radio 
transmitters operating at any frequency suitable 
for covering the range required, are stationed at 
the corners of the beaconed area. If possible, 
these stations are at the intersections of two 
geographical parallels and two meridians. The 











No, 


EMATEAUDUN 





















-80 
44 
ad , 
*-110 ~ 2£8eec g2eeoeRe ees 
Bs ers fey ea a, oe ar das ie 
® Represents Aerodromes. 


Figs. 1 and 2—Experimental network installed near Paris, showing the’ transmitter 
successive isophase lines is constant form a grid of ‘‘ position lines ’’ as shown. 


carrier frequency is modulated by suitably chosen 
superimposed frequencies, ranging from 155 to 
310 c/s for long-range navigation, to 3 to 9 kc/s 
for areas down to 10 miles square or less. 

Each of the transmitters (Fig. 3) situated in 
opposite corners of the grid area, is modulated 
to the same frequency, the two frequencies being 
slightly different. These continuous modulated 
signals interfere with one another, causing the 
formation of lines of maximum signal strength 
(isophase lines) which are hyperbole with the 
transmitters at their foci. By virtue of the 
difference in modulation, the otherwise stationary 
pattern of isophase lines sweeps the covered area. 
With reference to Fig. 1, the lines associated 
with transmitters A and B may pass from west 
to east, and those due to C and D from east to 
west, while the lines due to A and D, and those 
due to B and C sweep from north to south and 
south to north respectively. 

The points for which the time interval between 
successive lines travelling in opposite direc- 
tions is the same is called a “ position line.” 
The illustration shows the pattern of position 
lines obtained with the present experimental 
set-up. It will be noticed that over most of the 
area the position lines are nearly equally spaced 
and closely parallel to meridians or lines of 
longitude, as the case may be. 

The speed of sweep is determined by the 
values of the modulated frequencies, and can 
be varied by an appropriate choice of those 
frequencies, between some 10 miles per second 
and 600 miles per second. That is to say the 
speeds of sweep are much less than the velocity 
of propagation of the radio beams themselves, 
yet are large compared with that of the aircraft, 
so that the Déppler effect can be neglected 
On the other hand, their relatively low speed 
means that comparatively simple equipment can 
be employed for measuring the intervals between 
the passing of the isophase lines. The choice of 
the modulated frequencies depends on the con- 
siderations that in order to avoid ambiguity, any 
two stations must produce only one isophase line 
at any one instant in the area which they cover ; 
and, furthermore, that in order to provide 
practically continuous localisation, the time of 
sweep should be of the order of one second. 

For “ subjective’ position finding, i.e. from 
the aircraft itself, the transmitter frequencies and 
the phases of their audio signals are controlled 
by special receivers located at short distance 
from the transmitters. In the case of several 
adjoining areas, a single master transmitter is 
used to determine the frequency and phase of 
each modulator. 

Each airborne receiver contains the following 
components : four high-frequency circuits 


tuned to the carrier frequencies of the four 
transmitters ; 


four circuits for detecting audio- 
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frequency signals; four circuits for detecting 
the passage of the four isophase lines, and two 
time interval measuring sets (Fig. 2) (which are, 
in fact, computers) for indicating the times 
between the passing of each two corresponding 
isophase lines, and hence the co-ordinates of the 
aircraft on the grid. 

In the event of failure of one passage signal 
or malfunctioning of the equipment, the com- 
puter readings become erratic and do not supply 
the crew with false information. Readings 
may be shown on dials in front of the pilot, or 
they may be used for tracing the course on a 
map; or they can be applied to a polar co- 
ordinate indicator, showing azimuth and range 
relative to the point of destination. 

“‘ Objective” position determination, on the 
other hand, is carried out from the ground by 
using one of the isophase lines as an interrogation 
line. The passage of this line through the air- 
craft or ship carries the latter to emit a position 











stations A, B, C and D (left). The points at which the time‘interval between 
Electronic computer for time interval measurement (right) 


signal in the form of modulated h.f. pulse. At 
the control station the slow sweep of each isophase 
line is represented on the screen of a cathode-ray 
tube, with a fast cross-sweep at the frequency of 
the transmitter. The image on the screen thus 
consists of a number of channels which are 
successively swept at intervals equal to the 
periodic time of the transmitter. These channels 
correspond in space to hyperbolic lanes, each 
swept over by the isophase line in the same 
interval, i.e. the period of the transmitter. The 
aircraft position signal is picked up by a receiver 
at the control centre and appears as a bright spot 
on the screen. Its lag, while remaining smaller 
than the transmitter period, is adjusted to be 
proportional to the aircraft’s position co-ordinate 
along the direction of propagation of the isophase 
line. Aircraft flying in the same lane appear 
as dots on the same line and are positioned on 
this line in accordance with their co-ordinate 
distance. This produces an actual position plan 
which can be projected on an appropriate chart. 

It should be noted that the control station 
receiver, or several such receivers, can be set 
up at any point of the area under observation. 
These receivers work independently and, unlike 
radar, can, it is claimed, cover very wide areas. 
Control equipment carried on the aircraft itself 
would provide protection against collision with 
other planes fitted with radio-mesh. 

Since subjective and objective positional data 
are obtained by means of the same ground 
installation, a system of selective communications 
can readily be devised. This may be done by 
installing a ground transmitter which sends out a 
“* key-signal.”” The air traffic controller brings 
a marker into coincidence with the spot on the 
screen corresponding to the aircraft he wishes 
to contact. The two control knobs which adjust 
the co-ordinates of the marker also vary the 
phase of the key-signal so that it reaches the 
aircraft at the moment the latter sends out its 
position signal. Two electronic relays then 
unlock the traffic receiver and the ground con- 
troller is able to contact that particular aircraft 
to the exclusion of all others in the area. In this 
way the entire air traffic may be attended to 
with the use of only one frequency. For air-to- 
ground calls, the light spot on the control screen 
can be made to flicker, e.g. by cancelling every 
other position signal from the aircraft. The 
alerted ground controller then communicates 
with the calling crew. 

Among further possible applications of radio- 
mesh are a blind-landing system, obtained by 
associating horizontal meshes 300ft long by 30ft 
wide, with a v.h.f. beam oscillating in a vertical 
plane and thus providing elevational data. For 
navigating narrow channels, the position lines 
may be distorted by suitably placing the trans- 


mitters so as to follow the shape of the channel. 
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Industrial and Labour Notes 


Restrictive Practices 


The Association of British Chambers of 
Commerce has suggested that the Government 
should amend the Monopolies and Restrictive 
Practices Act, 1948, in order to make it applicable 
to all engaged in industry, both “ ownership and 
labour.”” The Association has submitted a 
memorandum on the matter to the President of 
the Board of Trade, in which it is argued that the 
mere elimination of a few objectionable trade 
arrangements and practices adopted by the 
suppliers of goods will not alone be of much 
benefit to the community. The memorandum 
points out that, generally speaking, labour costs 
form the largest single element in any price, and 
those costs are frequently the subject of collective 
restriction and price fixing on the part of associa- 
tions of organised labour. 

The Association’s intention is not to suggest 
that because labour is allowed to be restrictive, 
ownership should also be allowed the same 
privilege, but rather to show that ownership 
itself is beset by a good deal of monopoly and 
restrictive practice over which it has no control. 
The memorandum says that “there is neither 
equity nor justice, nor, indeed, commonsense 
in precluding ownership from collective action 
which may be responsible for unnecessarily high 
prices, while allowing labour in the same under- 
taking to pursue the same course, unhampered.”’ 

Much of the memorandum is concerned with 
the form and procedure of suitable machinery 
for dealing with these matters in the future. It 
says, for example, that the form and composition 
of any tribunal set up to rule upon arrangements 
and practices in industry and commerce is the 
most important single factor which will ensure 
that investigations and judgments are fair and 
completely free from political prejudices. It 
is, therefore, suggested that any such tribunal 
should be a judicial body. The memorandum 
goes on to say that many of the issues to be 
investigated would involve a clear knowledge of 
technical and other matters often peculiar to a 
particular trade or industry, and that expert 
advice should be available to the tribunal. A 
suggestion is therefore made for a general panel 
of assessors, consisting of people having a special 
knowledge of the industries and trades whose 
agreements may be examined by the tribunal, 
either as manufacturers, merchants, ultimate 
consumers and/or the representatives of organised 
labour. Because of the “public interest” 
issues involved, the suggested panel of assessors 
might also include senior Government law and 
other officers to give guidance to the tribunal on 
this aspect of a case. Both in function and pro- 
cedure, the memorandum continues, the existing 
Transport Tribunal might be considered as an 
appropriate kind of body for dealing with these 
matters. If such a procedure came to be adopted 
the necessity for widespread registration could 
be avoided. 

Prices and Costs 

Last week, the Federation of British Industries 
made a statement about the economic situation. 
That situation, the statement says, has been 
dominated in recent months by an excessive 
growth of spending power, and in the absence 
of a commensurate rise in productivity, this has 
led to acute shortage of manpower and of some 
materials, and thus to lengthening deliveries and 
higher prices. 

The statement continues with a reference to 
the Chancellor of the Exchequer’s plans for 
rectifying the situation, mention being made of 
the measures for restricting credit, and the 
reductions and limitations in Government and 
local authority capital expenditure programmes. 
The Federation agrees that this course was 
necessary, and it supports the Chancellor’s 
request that individual companies, and also the 
managements of nationalised industries, should 
follow his lead by reviewing their own capital 
programmes and postponing for the time being 
items not essential to the needs of the export 
trade or to the maintenance or basic development 
of their business. Dealing with the Chancellor’s 
purchase tax and distributed profits tax pro- 


posals, the F.B.I. expresses the view that the 
anti-inflationary effects which the purchase tax 
increases are intended to have could be better 
obtained by a further reduction of Government 
expenditure. The increase in profits tax, the 
statement goes on, can have no noticeable 
influence on the attack on inflation, and can only 
extend those economic distortions which were 
pointed out in the majority report of the Royal 
Commission on Taxation. 

But, the statement adds, the most serious 
aspect of the situation now is the threat of wide- 
spread claims for heavy increases in wages, for 
the effect of these, if granted, must be to establish 
an inflation even greater than that which has led 
to the Government’s corrective measures. A 
large increase in wage costs, the F.B.I. suggests, 
could only have calamitous effects on competitive 
power. The statement ends by saying that at a 
time when special care and restraint are required 
from all ranks in industry, the Federation feels 
it proper to urge its members to avoid increases 
in prices wherever the level of costs leaves a 
choice open in the determination of selling prices. 


Overseas Trade 


The Board of Trade has estimated that the 
value of exports of United Kingdom goods in 
October was £268,100,000, which was 134 per 
cent above the average for the first nine months 
of this year. Exports in October are normally 
high, and the Board says that this year the figures 
probably include also a further small instalment 
of shipments delayed by the transport strikes 
last June. Imports in October have been valued 
provisionally at £333,400,000, or 4 per cent above 
the average in the first nine months of this year, 
and re-exports, valued at £12,800,000, were 
one-third above the average in the first nine 
months. The excess of imports over exports 
and re-exports was therefore £52,500,000 in 
October, compared with £50,700,000 in Sept- 
ember, and an average of £75,100,000 for the 
first nine months of this year. 


Employment in Northern Ireland 


In a statement which he made on Monday 
last, as chairman of the Northern Ireland 
Development Council, Lord Chandos said that 
Northern Ireland had a markedly higher rate of 
unemployment than Great Britain; it was a 
state of “‘ unbalance ’’ between the parts of the 
United Kingdom which both must be concerned 
to put right. Nevertheless, there were in 
Northern Ireland 80,000 more people actually at 
work than there were before the war. The 
industrial population, Lord Chandos added, was 
half as big again as it was in 1939, the value of 
trade passing through Northern Ireland ports 
was two and a half times what it was nine years 
ago, and machinery exports had nearly doubled. 

To-day, Lord Chandos continued, there were 
26,000 unemployed in Northern Ireland, or 
5-5 per cent, which was the lowest figure since 
1951. Within the next five years, after allowing 
for the rise in the school leaving age, natural 
increase would add another 5000 to the number 
of those working or ready to work. Lord 
Chandos said he believed that the most hopeful 
and quickest prospect of growth for Northern 
Ireland would be found in the establishment 
there of new productive plants and the extension 
of existing ones. Many of the forms of manu- 
facture established in Northern Ireland were 
technically of an advanced kind—precision 
instruments, glass fabrics, optical glass, electronic 
equipment in some of its most refined forms, 
and highly developed chemical processes, An 
enlightened policy of technical education in the 
colleges and universities, Lord Chandos added, 
was fitting a growing number of the population 
to play their future part in an industrial com- 
munity of high technical status and skill. 


Basic Materials Prices 


The basic materials price index fell by 1-9 per 
cent between September and October, mainly 
on account of lower prices for raw rubber (14-7 
per cent down), copper (4-8 per cent down), and 
raw cotton (4-5 per cent down). The Board of 


Trade says that the few commodities which rose 
in price between September and October included 
tin ingots, which went up 1-5 per cent. 

The indices for materials used in the mechanical] 
engineering and electrical machinery industries, 
both of which had risen substantially over the 
preceding four months, fell in October by |-3 
and 2-2 per cent respectively. The decrease jn 
both indices was due chiefly to lower average 
prices for various brass and copper items. The 
index numbers (June 30, 1949=100) at the end 
of October were 173-2 for materials used jn 
the mechanical engineering industries, and 189-7 
for materials used in the electrical machinery 
industry. At the end of October last year, the 
index numbers were 154-4 and 167-5 respectively, 
The index number at the end of October for 
building and civil engineering materials was 
139-4, compared with 132-8 a year earlier. 


** Miners’ Charter ”’ 

On Thursday of last week the National Coal 
Board met the executive committee of the 
National Union of Mineworkers to hear details 
of the proposals contained in the “ Miners’ 
Charter,” which was approved by the union’s 
annual conference earlier this year. There are 
four main points in the charter, namely, payment 
of wages during sickness of up to six weeks’ 
duration ; a seven-hour day for underground 
workers instead of the present seven-and-a-half 
hour day, and the hours of surface workers to 
be reduced from 42} to 40; the consolidation 
of the payment for the sixth “ bonus” shift 
into the day wage rates, and a third week’s 
annual holiday with pay. 

A statement which was issued by the National 
Coal Board after the meeting last week said that 
the proposals would be examined and that a 
further meeting would be held in due course. 


Iron and Steel Production 


The Iron and Steel Board has stated that the 
output of steel ingots and castings in Great 
Britain during October averaged 399,500 tons 
a week. This represents an annual output rate 
of 20,773,000 tons, compared with a rate of 
19,472,000 tons in October last year. Over the 
first ten months of this year, steel output averaged 
377,200 tons a week, which represents an annual 
rate of 19,615,000 tons. Over the comparable 
period of last year, the annual rate of steel pro- 
duction was 18,428,000 tons. 

Pig iron output in October averaged 249,200 
tons a week, and was thus at an annual rate of 
12,957,000 tons. The weekly average production 
of pig iron in the first ten months of this year was 
237,400 tons. That represents an annual output 
rate of 12,343,000 tons, compared with a rate of 
11,820,000 tons in the corresponding period of 
last year. 


Iron and Steel Prices 


The Iron and Steel Board has announced some 
price increases for certain iron and steel products. 
As from November 14th, the maximum prices 
of the smaller sizes of rerolled steel bars have 
been increased, as have also the extras for small 
quantities. There are also higher prices for 
certain special qualities of steel, including silico- 
manganese, forging and free-cutting qualities. 
The following are some examples of the new 
prices per ton, the old prices being shown in 
parentheses :—Rerolling billets, silico-manganese 
quality, £37 12s. 6d. (£36 7s. 6d.) ; basic forging 
billets, £32 11s. (£31 11s.) ; mild steel rerolled 
bars, tin diameter, 10 tons of a size, £36 13s. 6d. 
(£35 3s. 6d.), and tin diameter, 10 tons of a size, 
£42 3s. 6d. (£37 18s. 6d.) ; free-cutting black 
bars, lin diameter, £38 18s. 6d. (£38 8s.), and 
free-cutting bright bars, 2in diameter, £50 7s. 6d. 
(£A9 16s.). 

The Iron and Steel Board says that the changes 
have a very small effect on the average price of 
steel. In general, their purpose is to put on to an 
economic basis steels which demand special 
care in production or involve high rolling costs. 
It is believed that the changes will be of assistance 
in improving supplies of the classes of steel 
which are covered. 
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National Machine Tool Show at 
Chicago 


BY OUR AMERICAN EDITOR 
No. III—{ Continued from page 709, November 11th) 


The American Machine Tool Show was held at the International Amphitheatre in 
Chicago from September 6th to September 17th and was attended by well over 


100,000 visitors. 


The exhibition was organised by the National Machine Tool 


Builders’ Association, and this article reviews certain advances in respect of 
design, construction and performance of particular interest. 


MICHIGAN TOOL COMPANY 


“ 71 EAR-O-MATION ”’ is the term which has 

been applied by the Michigan Tool 
Company, Detroit, Michigan, to the automatic 
production of gears and splines. At the show, 
the firm exhibited a completely automatic gear 
production line. In this installation, gear blanks 
were fed to a model 1445 “ Ultra-Speed”’ 
hobbing machine equipped with an automatic 
loading device. After the blank was hobbed, 
the gear passed through a Michigan gear washer 
to remove any clinging chips, then through a 
three-way gear classifier that passed the correct 
size gears through and rejected the occasional 
over-size or under-size gears through separate 
chutes. In the event that gears tend to show 
under-size or over-size a feed-back system 
activates an automatic centre distance regulator, 
integral with the hobber, and makes the required 
adjustment to bring the hobbed gears within the 
specified tolerances. A conveyor carried the 
correct-size gears to a hopper feeding a model 
870 “‘underpass’’ gear finisher. After the 
gears were shaved, they passed through a second 
washer and a three-way classifier which was also 
equipped for size control of the shaving 
machine. 

The company also exhibited its new “ Roto- 
Flo” spline roller, with automatic loading and 
handling devices. Its method of forming splines 
and similar toothed forms is claimed to be up 
to thirty times faster than cutting teeth by 
conventional methods and also permits forming 
teeth immediately adjacent to a shoulder. 


GIDDINGS AND LEWIS MACHINE TOOL COMPANY 


The large stand of the Giddings and Lewis 
Machine Tool Company, Fond du Lac, Wis- 
consin, attracted considerable interest. The eight 
new or redesigned machines exhibited by the 
firm were representative examples of the best 
current machining practice in the United States. 
It is of interest to note that these machine tools 
had a total value of more than a million dollars, 
weighed approximately 760,000 Ib and required 
about 600 h.p. for operation. 

The company’s model 570-FUAR 7in spindle, 
floor type, horizontal boring, drilling and milling 
machine was exhibited with a new underarm 
tool support, as shown in Fig. 22. This precision 
ground, power-fed underarm support has a 
14in by 12in cross section and traverses with the 
Jin main spindle of the machine to improve 
accuracy on heavy boring, milling and shaping 
operations performed at considerable distances 
from the headstock. The underarm mounts such 
machining attachments as a shaper-slotter head, 
an angular milling attachment, an anti-friction 
spindle support, a 46in face plate drive and a 48in 
continuous feed facing and boring head. To 
facilitate the handling and setting of such heavy 
accessories, a power hoist is mounted integrally 
with the machine column. The length of the 
swivelling rail makes possible easy access to the 
headstock and floor plate areas of the machine. 
An elevator, which is built on to the 21ft column, 
enables the operator to select the most ideal 
working position in relation to the headstock 
and work, The elevator operates independently 
or in conjunction with headstock travel, as 
desired. 

At the show the machine was exhibited with a 
floor plate, measuring’ 8ft by 8ft by 14in, on 
which were mounted an angle plate and a large- 
size workpiece. In demonstrating the machine 
the shaping attachment was mounted on the 
underarm support and used for special slotting 


operations on the workpiece. Successive opera- 
tions showed the use of the underarm with 
extended spindle support to face mill and the 
angular milling attachment to mill horizontal 
surfaces. Large-diameter boring was demon- 
strated with the 46in face plate drive mounted 
on the underarm and driven through the spindle 
at a reduction for maximum power. The turning, 
facing, back facing and counterboring of large 
diameters was performed at a distance from the 
machine headstock by means of the 48in con- 
tinuous feed facing head. 

Three independently operable d.c. drive 
motors on the machine ensure maximum flexi- 
bility for profiling and contour milling operations. 
One motor drives the spindle and spindle feed ; 
a second one provides feed and rapid traverse to 
the headstock ; a third one does the same for 
the column. The 75 h.p. adjustable voltage 
spindle motor drives through five back gears to 
provide speeds from 2 to 400 r.p.m. Two control 
stations, one incorporated in the headstock and 
one on a pedestal-mounted board, provide push- 
button control of all speeds and feeds. Tacho- 


meters record the spindle speeds and headstock 
and column feeds. The automatic disengagement 
of feed on all traversing units is ensured by elec- 
trically operated safety devices. The headstock 
and column can be backed off their limit trips 
Both the 7in main and the 24in 


under power. 











Fig. 22—Giddings and Lewis 7in spindle, floor type 
horizontal boring, drilling and milling machine 


high-speed spindles can be run off the rack of 
the rams and immediately backed into engage- 
ment merely by turning the hand wheel in an 
opposite direction. Flame-hardened ways on 
the column runways are combined with long- 
wearing, non-metallic liners in the column base 
to maintain the highest machining accuracy over 
long periods and to achieve maximum freedom 
from scoring and galling. A full-length scale 
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and adjustable vernier are provided for accurately 
setting the headstock to 0-00lin. The machine is 
also equipped with the telescopic vernier sight, 
which is mounted at eye level on the headstock, 
permitting the operator to position to 0-00lin 
without leaving the elevator platform. 

The model 460-FUAR unit, which is shown in 
Fig. 23, was exhibited to introduce an entirely 








Fig. 23—Giddings and Lewis 6in spindle, floor type 
horizontal boring, drilling and milling machine 


new series of intermediate size Giddings and 
Lewis 6in spindle floor type horizontal boring, 
drilling and milling machines, designed specific- 
ally to extend both the work range and the 
overall production speed of the popular Sin and 
6in spindle machines. This has been accom- 
plished by building into this new series rugged- 
ness and power ample to maintain maximum 
precision in heavy cuts on large complicated 
workpieces. High production rates are said to 
result from standardising on electrically operated 
controls of all functions, simplifying operations 
and reducing operator fatigue by the elimination 
of manual levers and handwheels. A total of 
thirty-two spindle speeds, 3 to 800 r.p.m., is 
divided over four ranges with eighteen feed 
settings in each of two ranges. The headstock 
and column feeds are infinitely variable between 
high and low limits of the four ranges, 0-500in 
to 120in per minute. The spindle is controlled 
either at the headstock control panel or a portable 
pendant station. All other functions are con- 
trolled from the headstock panel, which includes 
telescopic sights conveniently mounted at eye 
level. A.C. motors provide independently con- 
trollable power to the spindle, the headstock and 
the column. Surface-hardened ways on the 
column runway combine with non-metallic wear 
plates in the column base and the headstock to 
ensure long service with maintained accuracy. A 
direct-reading counter and an adjustable vernier 
show the operator the length of spindle extended 
at any time ; spindle depth control is provided 
in 10in increments with electrical disengagement 
from the feed at any point within any 10in of 
spindle travel. 

The spindle is driven directly by a separate 
30 h.p. reversing a.c. motor mounted on the 
headstock. The feed and rapid traverse are 
engaged through multiple disc, hydraulically 
actuated clutches. The underarm ram provides 
additional support through an anti-friction unit 
to the 6in spindle and mounts a variety of 
special attachments for performing heavy cuts 
at greater distances from the headstock. A 
column-mounted power hoist facilitates the hand- 
ling of heavy attachments, tools and light work- 
pieces without need for overhead shop cranes. 

Fig. 24 shows the model 350-T Sin spindle 
horizontal boring, drilling and milling machine, 
which is the first of the firm’s machines to become 
available with the ‘“‘ Lubri-Cool”’ system for 
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Fig. 24—Giddings and Lewis 5in spindle, table type horizontal 
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boring, drilling and milling machine 


maintaining accuracy under critical temperature 
conditions. The system was developed to main- 
tain closest machining tolerances under adverse 
heat conditions. By circulating a continuous 
supply of refrigerant-cooled lubricant through 
both the headstock and the milling feed unit gear 
trains this system equals, and often surpasses, 
results obtained when such a machine is operated 
in air-conditioned rooms. Any variations in 
lubricant temperatures are cushioned, rather 
than held constant, so that a gradual rise is per- 
mitted, yet controlled closely to conform with 
the outside temperatures of the machine. Other 
improvements in the machine include a re- 
designed column, headstock and ram, and the use 
of surface-hardened ways on the column, bed 
and saddle. The heavier headstock construction 
includes a re-designed ram and a spindle clutch, 
which operates either by a manual shift lever or 
by electrical shift from a pendant push-button. 
The speeds of the Sin spindle extend from 7-5 to 
975 r.p.m. in two overlapping ranges with feeds 
from 0-002in to 0-250in per revolution. A total 
of eighteen milling feeds to the headstock, saddle 
and table provides a range of 0-5in to 25in per 
minute. By means of a reduced saddle feed unit, 
milling feeds as low as 0-0125Sin per minute are 
available. 

In addition to demonstrating the improved 
working tolerances possible with the new 
“ Lubri-Cool ’’ system, the machine exhibited 
performed a number of boring and milling 
operations made easier by use of a 48in air-lift 
rotary table. Large-diameter boring, facing and 
grinding was performed with a 26in continuous 
feed facing and boring head using telescoping 
tools and a grinding attachment. Carbide face 
milling was performed with an angular milling 
attachment and slotting with a cross rail arbor 
support. 

Receiving its initial public showing in America, 
the model 300-RT 3in spindle horizontal boring, 
drilling and milling machine, which is illustrated 
in Fig. 25, was the smallest unit exhibited by the 
company. The machine incorporated a 30in by 
36in rotary table, with a 36in cross feed, built into 
an 82in saddle which is supplied with saddle 
supports and “ over-the-floor ” auxiliary runways 
to obtain maximum rigidity and accuracy. This 
feature considerably extends the usefulness and 
high productivity of the machine by eliminating 
unnecessary work set-ups and making it possible 
to machine multiple surfaces in a single setting. 
Further flexibility of machine operation is facili- 
tated by the provisions for independent operation 
of headstock, table and saddle, in both directions 
of travel, making possible a more exacting 
control of the machine functions in complex 
work. A complete separation of controls by 
natural machine functions and standardisation 
on directional control levers and colour-coded, 


speed-feed selection dials simplify the operation 
of the machine. 

The largest machine at the Giddings and 
Lewis stand was the company’s new 10in quill, 
72in by 72in by 24ft planer milling machine, 
which is illustrated in Fig. 26. This machine 
tool weighs almost 100 tons and incorporates 
unusually rigid construction in every principal 
unit to facilitate high-speed production milling. 
Each of the four 10in quill heads of the machine 
is provided with twenty-four spindle speeds in 
geometric progression, ranging from 9 to 500 
r.p.m. Each head is powered by a 50 h.p., 1800 
r.p.m., water-cooled motor to ensure proper 
capacity for the full use of high-speed cutting 
tools. 

The machine table has ample tee slots and 
stop pin holes and is driven by a d.c. motor 
through a “ Hypro”’ combination cone worm 
and worm wheel and double spur gear-on-rack 
arrangement. The table drive is designed so that 
the worm gear between the bull gears and the 
d.c. motor can be adjusted to practically 
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Fig. 25—Giddings and Lewis 3in spindle, table type horizontal 


boring, drilling and milling machine 


eliminate backlash for climb milling. A heavy- 
duty jaw clamp securely holds the table in 
position for cross milling. Immediately notice- 
able on the machine is the almost complete 
absence of manual controls, except for five push- 
buttons on each head, together with a single 
finger-tip operated feed selector dial. All 
auxiliary functions of the machine are controlled 
from a permanently mounted panel at the right- 
hand side of the machine, and all operating 
functions are controlled from a portable pendant 
station. The pendant station contains controls 
for starting and stopping the milling head spindle 
rotation ; complete control of all feed elements, 
including stop, start, directional control, feed 
rate adjustment, remote power positioning of all 
elements to precise dimensions and remote 
power clamping ; control for the power position- 
ing of the pendant station across the front of 
the machine ; and an emergency stop button. 
The floor-mounted station consists of controls for 
set-up purposes and comprises calibrated indicat- 
ing instruments for the direct reading of feeds in 


Fig. 26—Giddings and Lewis 10in quill, 72in by 72in by 24ft planer milling machine 
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inches per minute and spindle horsepower con- 
sumption. 

The machine uses a “‘ feed reel *’ system, which 
encloses all electrical, hydraulic and coolant 
facilities. This eliminates the usual collection of 
supply hoses, electric cables and wires which 
accumulate around the headstocks of conven- 
tional machines. This feed reel system was 
originally developed by Giddings and Lewis for 
application to the firm’s skin milling machines. 
The portable pendant station is suspended from 
the feed reel housing and is raised, lowered or 
traversed by power. Safety interlocks are pro- 
vided with all machine units and functions, 
including the water coolant to the milling heads. 
The movement of the heads, table and rail to 
their extreme limits of travel can be accomplished 
without danger to the machine. Similarly, those 
units which can be brought together, such as the 
heads on the rail and the side heads to the rail, 
are also provided with safety controls to prevent 
collision. The four spindle motors are inter- 
locked with the coolant system with flow switches 
to ensure the proper coolant flow through each 
motor. The water coolant must flow to the 
spindle motors before the heads will operate. 
Should the coolant cease to flow to any head, that 
head will automatically stop. All clamping on 
the machine is hydraulic power operated. Clamp- 
ing is electrically interlocked so that power 
cannot be applied before the clamps have been 
relieved. 

Independent feed drives to the rail, heads and 
table provide fine-increment electronic adjust- 
ment of feeds from 4in to 40in per minute for the 
head saddles, from jin to 20in per minute for the 
head quills, from 0-150in to 12in per minute for 
the cross rail, and from lin to 80in per minute 
for the table. The power built into this heavy- 
duty production machine was demonstrated at 
the exhibition by the high metal removal rates 
achieved in simultaneous milling with all four 
heads using 12in and 16in face mills with inserted 
carbide blades. 

Another large machine tool exhibited by the 
company was the 48in by 43in by 22ft double- 
housing planing machine, which is shown in 
Fig. 27. This machine incorporates dual saddle 
and slide controls, a power cross feed to the side 
heads, an electric rail clamp, double helica) table 


Fig. 27—Giddings and Lewis 48in by 43in by 22ft double-housing planing 
machine 
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drive gearing, extra high pneumatic tool lifters on 
both the rail and side heads, and hydraulic table 
stops and jacks. The drive of the machine com- 
prises an adjustable voltage 125 h.p. motor 
generator set and a 50 h.p. table drive d.c. motor 
which embodies low inertia armatures and forcing 
action, low inductance fields to obtain fast 
reversal. The commutator and field designs 
ensure maximum currents for fast acceleration 
and deceleration and maximum short-stroke 
power application. The choice of an a.c. motor 
of more than double the required capacity, 
driving the motor generator set, ensures maximum 
horsepower for maintaining optimum cutting 
speeds with either high speed or carbide tooling. 
The electrical control system utilises magnetic 
amplifiers, which are potentiometer controlled 
from the pendant station to provide a wide range 
independent speed adjustment for both the cut 
and return strokes. 

At the show the machine was demonstrated 
planing cast iron at a maximum speed of 400ft 
per minute. Large dial tachometer instruments 
mounted alongside the machine showed the table 
speeds. In demonstrating heavy cuts the 
machine was equipped with ‘ Perspex ’’ heavy 
chip guards. 

The new Giddings and Lewis 8ft table, vertical 
boring mill, which is illustrated in Fig. 28, was 
exhibited with a special heavy bed and table 
assembly capable of supporting work loads up 
to 80 tons. Precision operations were performed 
on this machine over a range of table speeds 
from 0:7 to as high as 60 r.p.m., and the 
ability of the mill to reproduce complicated 
contours was demonstrated with an electronic 
tracer-controlled duplicator mounted on the 
left-hand swivelling rail head. The right-hand 
swivelling rail head carried a drum scoring and 
thread-cutting attachment as extra equipment. 
Traversing of the heads is powered by indepen- 
dent motors to obtain rapid and positive move- 
ment. The right and left-hand rail heads each 
have 52in of vertical ram travel, and the rams 
on these heads are counterbalanced individually. 
The right-hand side head has 36in of horizontal 
ram travel. Rail elevation is powered by an 
independent motor and is controlled from the 
pendant station. The electric clamping of the 
rail to the housings is controlled from the 
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Fig. 28—Giddings and Lewis 8ft table vertical boring _ 
mill 


pendant. Due to this rigid clamping, accuracy 
is maintained under heavy feed rates and high 
cutting speeds. To prevent misalignment of the 
table or work due to radial thrust, a large pre- 
loaded, tapered anti-friction bearing is mounted 
at the centre of the table. Two precision anti- 
friction tracks of special construction support 
the work loads, the outermost bearing being 
nearly 8ft in diameter. An electro-magnetic 
table brake provides positive action at all speeds, 
and permits repeated stopping without over- 
heating of the motor. With a full 96in diameter 
table, the 8ft boring mill will swing work up to 
103in in diameter above the side head or 102in 
when, using the side head. A height of 86in 
under the rail is provided, and work loads up 
to 80 tons can be handled without deflection by 
the extra heavy table and bed. The wide range 
of table speeds is obtained with only a single 
gear shift, thanks to the use of a 75 h.p. adjustable 
voltage drive. A _ direct-reading tachometer 
instrument mounted in the pendant station shows 
instantaneous table speed and a “ per cent of 
full load’’ meter is also provided to show 
horsepower consumption. To promote machin- 
ing uniformity over the entire range of head 
travel, the left-hand rail head has a constant 
surface speed attachment and an indicator. 
(To be concluded) 





Gas Turbine for Installation at 
Rubber Works 


THE Gates Rubber Company of Denver, 
Colorado, has placed an order with the General 
Electric Company, of Schenectady, New York, 
for a SMW gas turbine. The installation of this 
unit in the spring of 1956 will constitute the first 
American application of gas turbines in the 
rubber industry. The gas turbine will be 
used at the Denver factory to generate electric 
power, and the exhaust gas will be used in a waste 
heat boiler to produce steam for process use in 
the factory. Natural.gas will be used as fuel, 
with an automatic change-over to distillate fuel if 
the natural gas supply should ever be interrupted. 
The turbine for the Gates Rubber Company will 
be the 115th unit manufactured by the firm at the 
Schenectady works. 
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Personal and Business 


Appointments 


Mr. Peter J. A. Luppock has been appointed 
publicity officer of Langley Alloys, Ltd., -Langley, 
Slough. 

Mayor-GENeRAL R. E. URQUHART has joined the 
staff of Davy and United Engineering Company, Ltd., 
Sheffield. 


Tue MINisTRY OF SUPPLY announces the appoint- 
ment of Mr. J. D. Parsons as director of ordnance 
factories (explosives). 

Tue BrusH Group, Ltd., announces the appoint- 
ment of Mr. D. G. A. Owen as secretary of J. and H. 
McLaren, Ltd., Leeds. 


Mr. A. C. SNOWDEN, who is a director of J. H. 
Minet and Co. (Home), Ltd., has joined the board of 
Hayward Tyler and Co., Ltd., Luton. 


Mr. HowarD GAYDON, commercial director of the 
B.S.A. Company, Ltd. (Small Heath Group), has 
been appointed to the boards of B.S.A. Cycles, Ltd., 
and B.S.A. Guns, Ltd. 


HapFieELps, Ltd., Sheffield, announces the appoint- 
ment of Mr. J. Hanscomb and Mr. G. E. Gill as sales 
representatives in Scotland, in succession to Paul 
and Macleod, Ltd. Their address is 82, Gordon Street, 
Glasgow, C.1. 


Sir ARNOLD Ha tt, formerly director of the Royal 
Aircraft Establishment, has taken up his new appoint- 
ment as technical director of the Hawker-Siddeley 
Group. His office is at 18, St. James’s Square, 
London, S.W.1. 


HONEYWELL-Brown, Ltd., announces the appoint- 
ment of Mr. E. B. Foskett as manager of its Glasgow 
office. He succeeds Mr. D. J. Venningham, who has 
taken up an appointment at the company’s head 
office at Perivale, Middlesex. 


Murex WELDING Processes, Ltd., Waltham Cross, 
Herts, states that Mr. A. T. Willmouth has been 
appointed Midlands area manager, in succession to 
Mr. W. R. Jones, who has retired. Mr. Jones has 
teen the company’s Midlands area manager for 
twenty-five years. 


Vickers, Ltd., states that Viscount Knollys is to 
become chai in succession to Lieut.-General 
Sir Ronald M. Weeks, who will vacate the office on 
May 31st next. Sir Ronald has served on the board 
of Vickers, Ltd., since 1945, and Viscount Knollys 
is at present deputy chairman of the company. 


THE SHIPBUILDING EMPLOYERS’ FEDERATION an- 
nounces the following elections of officers : president, 
Mr. Horace Willson, chairman and managing 
director of Wm. Hamilton and Co., Ltd.; vice- 
presidents, Mr. John Hunter, director of Swan, 
Hunter and Wigham Richardson, Ltd., Mr. G. C. 
Parker, managing director of The Caledon Ship- 
building and Engineering Company, Ltd., and Mr. 
R. W. Johnson, managing director of Cammell 
Laird and Co. (Shipbuilders and Engineers), Ltd. ; 
chairman of conference and works board, ' Mr. 
Howard Johnson, chairman of Hall, Russell and 
Co., Ltd.; vice-chairman, Mr. J. Tocher, ship 
repair manager of The Wallsend Slipway and Engi- 
neering Company, Ltd. 


Business Announcements 
HONEYWELL-BRowNn, Ltd., has moved its Sheffield 
office to 119, Petre Street, Sheffield, 4. 


Mr. Ropney KENT, sales director of George Kent, 
Ltd., Luton, is making a tour of South American 
markets. 


IMPERIAL CHEMICAL INDUsTRIES, Ltd., is to build a 
new factory for the fabrication of titanium, near to 
its existing works at Waunarlwydd, Swansea. 


TEDDINGTON INDUSTRIAL EQUIPMENT, Ltd., has 
opened a new office and warehouse for Scotland at 
255, St. Vincent Street, Glasgow, C.2 (telephone, 
Glasgow Central 3933). 

RANSOMES, SIMS AND JEFFERIES, Ltd., Ipswich, 
states that it has formed a public relations department 
to co-ordinate its publicity, advertising and exhibition 
activities. Mr. R. J. Garnham will take charge of the 
department from January ist next. Mr. R. B. Reeve 
continues in charge of the department responsible for 
advertising and publications. 

Tue BritisH REINFORCED CONCRETE ENGINEERING 
ComPANny, Ltd., and the Lancashire Steel Corporation, 
Ltd., announce the formation of a new company 
entitled B.R.C. Steel Company, Ltd. It will carry on 
the business of wire drawing in a factory which is to 
ve erected at Stafford, the output being solely for 
the use of The British Reinforced.Concrete Engineer- 
ing Company, Ltd. 


Tue A.P.V. Company, Ltd., states that the final 
stage of its transfer to the new works at Crawley will 
be completed towards the end of December. From 
December 24th all communications should be 
addressed to Manor Royal, Crawley, Sussex (tele- 
phone, Crawley 1360), except those for the chemical 
engineering department, which will be accommodated 
new the London office, at an address to be announced 
ater. 


Contracts 


THE MITCHELL CONSTRUCTION COMPANY, of 
Peterborough, has been awarded a contract valued 
at £3,500,000, by the United Kingdom Atomic 
Energy Authority for the civil engineering work on 
the new atomic power station at Chapelcross, Annan, 
Dumfriesshire. Work will begin next month and is 
expected to take about three and a half years. The 
—, engineers are Merz and McLellan, of 

ndon. 


Miscellanea 

ILLUMINATING ENGINEERING Society. — The 
Illuminating Engineering Society has conferred 
honorary membership on Mr. H. C. Weston, in 
acknowledgment of his valuable services over many 
years, and “in recognition of outstanding con- 
tributions to knowledge of the important part played 
by good lighting in facilitating the activities of daily 
life.’ Mr. Weston is the director of the Medical 
Research Council’s group for research on occupa- 
tional optics. 

RalL APPRENTICE SCHOOL FOR LONDON.—Work has 
begun at Purchase Street, St. Pancras, on alterations 
to a building which is to be converted into a training 
school for apprentices for the London area of British 
Railways, London Midland Region. The school 
will have facilities for training in fitting, turning and 
electrical work, together with a lecture room and 
offices. Some thirty-six apprentices a year will pass 
through the school to work in Bow Locomotive 
Works, Stonebridge Park Power House, and the 
outdoor machinery depots, as well as all railway 
engineering departments in the London area. 


BritisH _Ramways OFFICIALS TO Stupy DuTCH 
Trains.—At the invitation of Mr. F.Q. den Hollander, 
president of the Netherlands Railways and member 
of the British Transport Commission’s Technical 
Development and Research Committee, a party of 
ten senior British Railways officials has spent three 
days examining diesel and electric rail services in 
Holland. The party, led by Mr. J. Ratter, visited the 
diesel shed at Utrecht and inspected various types of 
diesel and electric locomotives, railcars, and multiple- 
unit diesel trains. Railway workshops at other 
railway centres in Holland were afterwards inspected. 

Porous METAL BEARINGS.—A 16mm sound film 
illustrating the functioning of oil-impregnated sintered 
metal bushes, ‘*‘ The Fundamental Principles of Self- 
Lubrication” is available on free loan from Bound 
Brook Bearings, Ltd., Trent Valley Trading Estate, 
Lichfield, Staffs. The film is intended for audiences 
with no previous knowledge and illustrates and 
examines full fluid friction in the normal plain bearing 
before showing how this condition is obtained and 
rendered stable in the self-lubricating bush. Bearing 
design and other matters covered by the maker’s 
literature are omitted from the film, which runs for 
half an hour. 


DiesEL TRACTION INSTRUCTION FOR B.R. STAFF.— 
The staff at the British Railways Staff Training College 
at Derby is to be augmented by a senior instructor in 
mechanical engineering to develop technical courses 
concerned with the designing, building and repair 
of diesel locomotives and rail cars. Of three assistant 
instructors also to be appointed, one will be an 
expert in hydraulic, pneumatic and mechanical trans- 
mission and control, and the other two will specialise 
in electrical transmission and control. The new 
instructors will have the task of ensuring that British 
Railways technical staff, some of whom have been 
trained in the steam tradition, will be competent to 
deal with diesel and electrical equipment which is 
being introduced under the modernisation plan. 


NortH East Coast INSTITUTION OF ENGINEERS 
AND SHIPBUILDERS.—A paper entitled “‘ The Opti- 
mum Diameter of Marine Propellers: A New 
Design Approach,” was presented by Professor 
L. C, Burrill, at a meeting of the North East Coast 
Institution of Engineers and Shipbuilders, held on 
November 11th. In the paper the author discusses 
the problem of the optimum dj of marine 
propellers working in a uniform stream and finds 
that the results deduced by theory are in good 
agreement with those indicated by standard series 
data. The optimum diameter and optimum pitch 
distribution for propellers working in a single screw 


variable wake stream are then examined, and it is 
found that when account is taken of the difference 
in wake velocities associated with smaller diameters, 
which cut off only a portion of the basic patiern, 
there is advantage in reducing the diameter materially 
as compared with open water optimum condition, 
In view of the increase in propeller diameters for 
high-powered single screw vessels, this conclusion 
indicates a means whereby weight and moment of 
inertia of such propellers may be reduced with 
sacrifice in propulsive efficiency. A design procedure 
is established which will allow the optimum diameter 
for given conditions to be determined by calculation 
without reference to standard-series data and usefuyi 
diagrams are provided to enable such investigations 
to be carried out as part of normal drawing o‘fice 
procedure with recourse to elaborate calculations. 


Fitm SHow.—On Tuesday, November 8th, a film 
entitled “* Lloyds of Derby ” was shown in London 
before an invited audience. Introduced by Mr. F. N, 
Lloyd, chairman of F. H. Lloyd and Co., Ltd, 
Wednesbury, Staffs, the film illustrates the extension 
and modernisation of the Parker foundry at Derby, 
which was acquired by F, H. Lloyd in 1947. The 
work which took place from 1953 onwards, and was 
carried out with as little as possible disruption of 
production, had as its objective an increase in 
capacity as well as productivity, coupled with an 
improvement in working conditions. It involved the 
construction of a foundry and pattern shop, equipped 
with modern electric melting furnaces, pattern- 
making machinery and facilities for moulding and 
sand handling. 


INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
SCOTLAND.—At a meeting of the Institution of 
Engineers and Shipbuilders in Scotland, held on 
Tuesday, November Ist, Dr. E. C. B. Corlett, 
and K. J. Fryer, presented a paper entitled 
“An Aluminium River Tanker Design.” The 
paper is a description of an aluminium bunkering 
lighter or small river tanker designed to accom- 
modate a greater deadweight in limiting dimensions 
sometimes met in this class of vessel. Conservative 
redesign values have been used throughout and it is 
shown that the final result in aluminium enables a 
useful increase in deadweight carrying capacity 
being achieved at a lower rate per ton deadweight 
ton than the basic cost per deadweight ton of the 
original steel ship. 


NATIONAL LIBRARY ON SCIENCE AND INVENTION.— 
Last week a question was addressed to the Parlia- 
mentary Secretary to the Ministry of Works about 
the estimated capital expenditure involved in setting 
up a national reference library on science and inven- 
tion. A written answer by the Parliamentary Secre- 
tary said that the establishment of such a library was 
necessarily bound up with the future of the Patent 
Office building. The capital cost of a new building 
to house both the Patent Office and its library, 
extended to provide the coverage of a national 
reference library on science, was estimated at rather 
more than £2,000,000, excluding the cost of the site. 
The reply added that it was difficult to give a separate 
estimate for the share of the library in the total 
cost. The library would, however, take up more 
than half of the total accommodation. 


WELDED SANDWICH CONSTRUCTION.—The autumn, 
1955, issue of the Handley Page Bulletin includes an 
article on the method of sandwich construction 
featuring spot welding that has been applied in the 
“ Victor ” and the “ Herald.” It has been developed 
to avoid the expensive tools and laborious methods 
involved in thick-skin or conventional construction. 
The use of spot welding in primary structure is based 
upon a refined technique of welding and quality 
control by X-ray inspection. It is found to be less 
expensive than riveting if the consistency of the 
results allows inspection of fewer than 25 per cent of 
individual welds. Where an aerofoil contour is 
required, a jig is made to define the contour of the 
outer skin, and the corrugated panel forming the 
core of the sandwich is bent to shape, fitted and 
service bolted to the outer skin. The panels are 
separated, cleaned, etched, and then spot welded ; 
where a single curvature panel is required it is welded 
flat with the corrugations across the curvature. The 
shape of the panel is then locked by applying the 
inner skin and pop-riveting it to the currugated core. 
Since each panel is a rigid structure, assembly jigs 
are largely avoided, and the amount of fabrication 
done actually on the machine is reduced, resulting 
in faster construction and fewer aircraft in hand at 
one time. When applied to wing construction, the 
ability of the panels to carry compressive end loads 
results in a light-weight structure with few ribs and 
long, unbroken, smooth-skinned bays for bag tanks. 
Aerodynamically, it gives a highly accurate contour, 
= the indentations over the welds are only 0-001in 
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British Patent Specifications 


sn invention is communicated from abroad the name and 
ess of the communicator are printed in italics. When an 
opridgement is not illustrated the specification is without drawings. 
The daic first given is the date of application ; the second date, 
at the end of the abridgement, is t date of publication of the 
complete specification. Copies of specifications may be obtained 
at the Patent Office Sales Branch, 15, Southampton Buildings, 

Chancery Lane, W.C.2, 3s. each. 


WORKSHOP TOOLS AND APPLIANCES 


735,519. May 28, 1952.—STABILISING THE FLAMES 
or GAS BURNERS, Naamlooze Vennootschap de 
Bataafsche Petroleum Maatschappij, Carel van 
Bylandtlaan 30, The Hague, The Netherlands. 

The invention relates to gas burners, known as 
blue-flame burners, in which the components of the 
combustible mixture are pre-mixed, and an_ object 
of the invention is flame stabilisation particularly 
with rates of flow higher than the blow-off 
velocity. The drawing illustrates orifice arrange- 
ments for the production of whirl-stabilised flames 
and shows how flame stabilising whirls can be ob- 

tained by means of rectangular orifices A and B 

of a burner head C to which a combustion mixture 

is fed at a high rate at D. The orifices are arranged 
in two parallel rows and the axes of the orifices of 
each row are in a plane parallel to that which contains 
the axes of the orifices of the other row. The axes 
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of the orifices in each of the rows are parallel 
to one another but are all inclined at an angle with 
respect to the axes of the orifices of the other row. 
The average discharge rate of the gases is the same for 
each orifice, but it will be seen (the left hand view) 
that immediately at the outlet, between two adjacent 
orifices A and B situated in separate rows, whirls 
E are formed which, by returning the burned high 
temperature gas towards the base of the flames, 
ensure the stability of the flames for rates of flow of 
the combustible mixture appreciably higher than that 
corresponding to the blow-off limit of the mixture 
undergoing combustion in a burner comprising only 
a single row of orifices or a number of rows of orifices 
with parallel axes. While the form of the orifices is 
shown as rectangular, the same result can be obtained 
by means of numerous other forms of orifices, pro- 
viding that in each case there is a suitable choice of 
the angle and spacing of the orifices, and four other 
modified designs for gas burners are also shown 
in the specification.—August 24, 1955. 


737,011. January 28, 1953.—TAPPING AND LIKE 
Devices, J. A. Saunt, Ltd., Queens Works, 
Queens Drive, Bentley Road, Doncaster. (/n- 
ventor : Joseph Alfred Saunt.) 

Referring to the drawing of the device, a cylindrical 
housing A is fitted with a front cover B designed to 
carry the bush C which is in alignment with the bush 
D in the closed back of the housing. Both bushes 
are in alignment with the supporting shank E attached 
to the housing for fitting into a lathe turret or a 
drilling machine spindle. A female cone F is rigidly 
fixed into the housing A, while a second female cone 
G is free to rotate inside the front end of the casing. 
It has fixed to its flat face the cam H, shown in the 
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lower view, which lies inside the flange J of the 
cover B and forms a ball clutch, a steel ball being 
accommodated within each of the three apertures K 
of the cam. A thrust washer L is int between 
the cam and the front cover. The spindle M is fitted 
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in the bushes and is given axial as well as rotational 
movement. Attached to the shaft by a pin N isa 
sleeve with a bore a little larger than the spindle, 
so that it can pivot slightly about the pin. A double- 
sided male cone P is pivotally attached to the sleeve 
by two screws, as shown. The bore of the double 
cone is slightly larger than the external diameter 
of the sleeve. A small cap is pressed into the end 
of bush D and the housing is filled with light machine 
oil and closed by the top screw plug in the side. 
In operation with the machine running in the direction 
for tapping the tap and spindle, with its assembly of 
pin, sleeve and ble-sided cone, rotate with the 
work. Further pressure in an axial direction causes 
the male cone P to engage on its rear face with the 
female cone F producing a braking motion on the 
tap. The oil softens the braking motions and pre- 
vents snatching. As soon as the speed of the tap 
falls below that of the work, thread cutting begins 
and continues with axial pressure. When axial 
pressure stops the tap draws apart the cones P and F 
and tapping ceases. The lathe spindle is now reversed 
and this causes the other face of the cone P to engage 
the face of the cone G, rotating it so that the steel 
balls are forced outwards and lock against the flange 
J. The tap is thus held stationary while the work 
screws itself off the tap. If the operator attempts to 
withdraw the attachment before reversing the lathe 
spindle, the cones G and P engage but rotate in the 
forward direction, the steel balls being thrown into 
the deep ends of the cam apertures K, preventing 
damage to the tap.—September 21, 1955. 


BEARINGS AND SUPPORTS 


737,113. January 14, 1953.—SHAFT BEARINGS, The 
British Thomson-Houston Company, Ltd., Crown 
House, Aldwych, London, W.C.2. (Inventors : 
Gilbert Menzies Mcllwrick and Alfred Michael 
Sabine.) 

The invention relates to bearings for rotatable 
shafts and particularly, although not exclusively, 
to a bearing for a shaft of large diameter which may 
connect a large electric motor to the driven roll of a 
rolling mill. The object is to provide a pedestal 
bearing which may be more readily serviced. Refer- 
ring to the drawing, the journal bearing for the shaft 
is in the form of a fabricated base structure com- 
prising a base member A, from which project four 
spaced bearing support members B extending trans- 
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versely of the axis of the shaft. The members have 
semi-circular faces for receiving a_half-cylindrical 
sleeve C forming a bearing surface for the lower half 
of the shaft, and the upper edge of the members B are 
connected together by members D, the upper faces 
of which lie substantially level with the axis of the 
shaft. The bearing is completed by an upper comple- 
mentary half-cylindrical sleeve E. The sleeves C 
and E are retained in position by clamping members 
F, which extend between the upper surface of the con- 
necting members D and bearing surfaces G located 
near the lower edges of the upper half sleeve E and 
formed by removing material from the outer wall of 
the member to provide recesses H. By this means of 
securing the half-cylindrical sleeves the bearing may 
be readily assembled and dismounted for servicing. 
The base structure is arranged to form a reservoir 
for lubricating oil. The shaft is provided with flanges 
J which locate it endwise in the bearing and take the 
end thrust on the shaft. The enclosure of the bearing 
is completed by an outer cover K, which co-operates 
with two side cover plates L to encase the bearing. 
The upper plate K is arranged to lap over the edge of 
the side plates at M so as to enable the cover to be 
removed readily for servicing. In addition to locating 
the shaft endwise in the bearing, the flanges J also 
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dip into the oil reservoir and convey a film of oil from 
above the shaft, where it is directed into collecting 
chutes, from which it is guided to a lubricant channel 
formed in the complementary upper half-cylindrical 
bearing sleeve E.—September 21, 1955. 


RUBBER SPRINGS 


737,912. Apiii i3, 1951.—THe MANUFACTURE OF 
RUBBER SPRINGS, Alexander Eric Moulton, 
The Hall, Bradford-on-Avon, Wilts. 

The invention relates to rubber springs comprising 

a column of rubber rings with intervening plates, 

usually of metal, and the invention has for its principal 

object to provide an im- 

proved arrangement, 

the components of 
which can be readily 


manufactured, assembl- C 
ed and the assembled : 
components readily Bg 


secured together to 4 
form a unitary spring. 
Referring to the draw- 
ing, each component ae 
of the column com- he ae ‘aw RS 
prises a ring of rubber ‘ge! 
A, to the annular faces 1 
of which are bonded | 
metal plates. The metal ee 
plates B bonded to the -j- 4 —— 
upper faces of the eg 
rings extend out beyond ae ute ae Saal 
the rubber for the 
securement of super- 
imposed components 
by riveting or spot LS 
welding. The plates C 

No. 737,912 


bonded to the lower 

faces on the right : 

of the rubber rings also extend out as well as inwardly, 
as shown at D and are formed with a circular flange 
or collar to guide the units of the column on a central 
draw or guide rod.—October 5, 1955. 


FURNACES 


737,297. July 3, 1953.—RECUPERATOR FOR OPERA- 
TION WITH A CupoLa, L. and C. Steinmiiller, 
Gummersbach/Rhineland, Germany. (Jnventor : 
Helmut Weinstock.) 

The invention relates to a recuperator, especially for 
operation in conjunction with a shaft or cupola 
furnace, for preheating the blast, and mounted in the 
shaft of the furnace or its upper extension. As shown 
in the drawing, the fresh air coming from a blower A 
is introduced through a duct or conduit B into the 
lower part of the recuperator C, in which it is guided 


a 


D7 


| 
| 
| 
id 
. 












































No. 737,297 


up in a winding path through a hollow space 
D. In the hollow space a wall E facing the extended 
furnace shaft F, constructed as an after-combustion 
chamber G, is provided with horizontal ribs H. The 
current of hot air leaving the recuperator C is supplied 
through a pipe J to a pipe K provided with 
nozzles L in the lower part of the furnace. A portion 
of the hot air may be branched off from the pipe J 
and supplied to a pipe M, which is connected to 
nozzles N opening into the furnace shaft above or 
below the charging plane. The hot air which is intro- 
duced at this point serves as combustion air in the 
after-combustion chamber G. The furnace shaft is 
surmounted by a spark hood O.—September 21, 1955. 
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Launches and Trial Trips 


KARMT, oil tanker ; built by the Furness Ship- 
building Company, Ltd., for Skibs A/S Corona, 
Norway ; length overall 556ft Sin, length between 
perpendiculars 525ft, breadth moulded 7Ift, depth 
moulded 39ft 3in, deadweight 18,190 tons on 30ft 6in 
summer draught; twenty-seven cargo oil tanks, 
two cargo oil pump rooms, four 400 tons-per-hour 
cargo oil pumps, and two stripping pumps ; three 
160kW diesel-driven generators, two Scotch boilers 
and one waste heat boiler; Hawthorn-Doxford 
single-acting, two-stroke oil engine, six cylinders, 
670mm diameter by 2320mm stroke, 6600 b.h.p. 
at 115 r.p.m. Trial, October 6th and 7th. 


NAREK, oil tanker; built by the Blythswood 
Shipbuilding Company, Ltd., for The Baltic Trading 
Company, Ltd.; length between perpendiculars 
552ft, breadth 75ft, depth moulded 40ft, deadweight 
20,000 tons; loaded trial speed 16 knots; ten 
centre and fourteen wing cargo oil tanks, two cargo 
oil pump rooms, four 500 tons per hour cargo oil 
pumps ; two single-ended cylindrical boilers ; one 
set of Parsons double-reduction geared turbines 
built by David Rowan and Co., Ltd., 8700 s.h.p. at 
100 propeller revolutions per minute, two Foster 
Wheeler boilers supply steam at 450 lb per square 
inch and 750 deg. Fah.—Trial, October 18th. 


Vipax, oil tanker ; built by Harland and Wolff, 
Ltd., at Belfast, for Shell Tankers, Ltd.; length 
between perpendiculars 635ft, breadth moulded 
84ft 3in, depth moulded 46ft 3in, deadweight 31,500 
tons ; four passengers ; thirty oil cargo compart- 
ments, One cargo oil pump room ; one 550kW mixed 
pressure turbo-alternator, one 550kW self-contained, 
constant pressure, turbo-alternator and one 150kW 
diesel-driven emergency alternator ; one set of double 
reduction articulated geared turbines, of 13,000 
service s.h.p. at 105 propeller r.p.m., steam supplied 
at 600 Ib per square inch and 850 deg. Fah. by two 
boilers fitted with Babcock and Wilcox furnaces.— 
Trial, October 21st. 





Forthcoming Engagements 


Secretaries of Institutions, Societies, &c., desirous of having 

notices of meetings inserted in this column, are requested to note 

that, in order to make sure of their insertion, the necessary informa- 

tion should reach this office not later than a fortnight before the 

meeting. In all cases the TIME and PLACE at which the meeting is 
to be held should be clearly stated. 


BRITISH INSTITUTION OF RADIO ENGINEERS 
Thurs., Dec. 1st.—N.W. SECTION : 
Technology, Sackville Street, 

Developments in Computer Design.”’ J. J. ates, 6.30 p.m. 


BRITISH NUCLEAR ENERGY CONFERENCE 
Wed., Nov. 30th.—Institution of Civil — Great George 
Street, Westminster, London, S.W.1 2.15 p.m., Opening 
Address, Sir Christopher Hinton, «The United "Kingdom 
Atomic Energy Proiect,’’ Sir John D. Cockcroft ; “ The Place 


THE ENGINEER 


Engineering Society, 9, The Temple, Dale Street, Liverpool, 

“Some Problems in Domestic Heating,”’ J. S. Hales, 7 p.m, 
——MIDLAND SECTION: James att Memorial Institute, 
Great Charles Street, Birmingham, 3, “* Industrial Aspects of 
the Beaver Report,’’ G. Nonhebel, 6 p.m. 


INSTITUTE OF NAVIGATION 
To-day, Nov. 18th.—Royal Geographical Society, 1, Kensington 
Gore, London, S.W.7, “‘ Where Do We Go From Here ?”’ 
Fraser, 5 p.m. 


INSTITUTE OF PETROLEUM 
Sun., Nov. 27th—STANLOW BRANCH : Tatler Cinema, Chester, 
Film Show, 2.30 p.m. 


INSTITUTE OF REFRIGERATION 
Thurs., Nov. 24th.—Institution of Mechanical Engineers, |, Bird- 
cage Walk, Westminster, London, S.W.1, Dy Problems Con- 
nected with the Cooling of the Human Body by Means of 
Mechanical Refrigeration,’’ L. Cowley, 5.30 p.m. 


INSTITUTE OF ROAD TRANSPORT ENGINEERS 
Tues., Nov. 22nd.—N.E. Centre: Three Tuns Hotel, Durham 
City, “ Ability to Stop,’’ H. Clements, 7 p.m. 
Fri., Dec. 2nd.—Grand Hall, Connaught Rooms, Great Queen 
Street, London, W.C.2, Annual Dinner and Dance, 6.30 p.m. 


INSTITUTE OF WELDING 
Tues., Nov. 29th—-SLouGH Section: Community Centre, 
Farnham Road, —-. Bucks, “‘ Recent Developments in 
the Argonaut Process,” A. W. Stones, 7.30 p.m. 


INSTITUTION OF BRITISH AGRICULTURAL ENGINEERS 
Wed., Nov. 30th.—JOINT MEETING WITH THE INSTITUTION OF 
HEATING AND VENTILATING ENGINEERS : Institution of Elec- 
trical Engineers, Savoy Place, London, W.C.2, ‘* Glasshouse 
yas and Ventilation,” E. R. Hoare and L. G. Morris, 
p.m. 


INSTITUTION OF CHEMICAL ENGINEERS 
Wed., Nov. 30th.—N.W. BRANCH: Reynolds Hall, College of 
Technology, Manchester, 
Systems,’’ L. Cohen, 7 p.m. 


INSTITUTION OF CIVIL ENGINEERS 
Tues., Nov. 22nd.—STRUCTURAL AND BUILDING MEETING : Great 
George Street, London, S.W.1, “‘ Prestressed Concrete as 
Applied to Building Frames,’’ Francis Walley and H. C. 


s, 5.30 p.m. 

Wed., Nov. 23rd.—MIDLANDS ASSOCIATION : Herbert Schofield 
Building, The OP a Lceghharoush, “ New Works at Derby 
Midland Station,’ Clenshaw, 7 p.m. 

Tues.. Nov 29th.—WorKs CONSTRUCTION MEETI a: 
George Street, Westminster, London, S.W.1, e Span 
Prestressed Concrete Bridges,’’ Eugene seamaies 3. —: 

Tues., Dec. 6th.—ROAD MEETING : Great George Street, PWest- 
minster, London, S.W.1, “The Planning of Ring Roads, 

with special reference to London, od Rayfield, 5.30 p.m. 


“Combustion in Particulate 


Great 


INSTITUTION OF ELECTRICAL ENGINEERS 

Mon., Nov. 2\st.—RADIO AND TELECOMMUNICATION SECTION : 

Savoy Place, London, W.C.2, Discussion on “ The Reception 

I and —- III Television Programmes,’’ opened by 

p.m 
{LONDON G GRADUATES’ AND STUDENTS’ SECTION : 

Savoy Place, “London, W -C.2, “ Electrical Measurement of 
Mechanical Vibrations,” D. E. Mullinger, p.m.—— 
N. MIDLAND CENTRE: Central Electricity Authority, r. White- 
hall Road, Leeds, 1, “ Timing the Operation of ‘Control 
Systems Associated with Rotating Equipment,”’ C. Cuthbert 
and D. A. Picken; “ The Dynamic Braking of Induction 
Motors,”’ D. Harrison, 6.30 p.m. 

Wed., Nov. 23rd—Surpry Section: Savoy Place, London, 
W.C.2, “ Flat Pressure Cable,”’ J. S. Mollerhoj, A. M. Morgan 
and C. T. W. Sutton, 5.30 p.m. 

Sat., Nov. 26th.—LONDON GRADUATES’ AND STUDENTS’ SECTION : 
Visit to St: Bartholomew’s Hosnital (X-Ray Department—- 
PO ny meg 10 a.m. 
lon., Nov. 28tk.—LONDON GRADUATES’ AND — SECTION : 
Visit to Associated Newspapers, Lid., 9. » 

Tues., Nov. 29th.—LONDO! IN GRADUATES’ "AND STUDENTS’ SECTION 4 
Public Library, Chelmsford, “Colour Television,’’ L. A. 
Harris, 7 p.m.———MEASUREMENT AND RADIO SECTIONS : Savoy 
Place, London, W.C.2, “ The Specification of the Properties 


Nov. 18, 1955 


“The Impact — Development and Research on Proy 
and Design,”’ L. H. Leedham, 7.30 p.m.——BirMINGHAM an 
CENTRE : hin Watt Memorial Institute, Great Char 
Street, Birmingham, “ Some Aspects in the Design and Perfor 
mance of Small Diesel Engines,’’ B. W. Millington anc M. H. 
Howarth, 6.30 p.m.——ScoriisH GRADUATES’ S5< TION : 

Royal Technical College, Glasgow, “ td Developmnc 

the Aircraft Gas Turbine,’’ R. Bain, 7.30 

Grapuates’ SECTION : New Engineering 

Theatre, The University, Sheffield, 

Mechanics,”’ W. Johnson, 6.30 p.m, 

Wed., Nov. 23rd.—AUTOMOBILE DivisION: 1, Birdcage Walk, 
Westminster, London, S.W.1, Discussion, “ Front Rear 
Engine,’ 6. 45 p.m.——E. MIDLANDS BRANCH: College ci f Tech. 
nology, Leicester, “‘ The Application of Atomic Ene; "BY to 
Power Production,’’ S. C. Curran, 7.30 p.m.——S<< OTTISH 
BRANCH : Institution of Engineers and Shipbuilders, 3°, Ejm. 
bank Crescent, Glasgow, “ Highland Water Power,” 7. +) P.m, 
——SOUTHERN BRANCH : Transport Equipment, Basin stoke, 
“* The Running in of Engines, Choice of Cylinder Bore | nish,” 
S. G. Daniel and K. R. Williams, 7.30 p.m.——Yor supe 
BRANCH : White Swan Hotel, Halifax, Discussion on “ The 
Use and Misuse of Large Boring Machines,’ * introduced by 
R. Hallam, 7 p.m. 

Thurs., Nov. 24th.—WesteRN A.D. CENTRE: Royal Hotel, 
Bristol, “ Disc Brakes,’ F, G. Parnell, 6.45 p.m.—1 onpox 
GRADUATES’ SECTION : Visit to Babcock and Wilcox, Ltd, 
PR ig a, E.C. 4, 6.30 p.m. 

Nov. 25th. —GENERAL MEETING, INDUSTRIAL ADMI~istRa. 
“i AND ENGINEERING | PRODUCTION Group : 1, Birdeage 
Walk, London, S.W.1, velc in hanised Weld. 
ing in the Aero-Engine Vadaewy," ”'F. G.C. Sandiford, 5.30 p.m, 


INSTITUTION OF NAVAL ARCHITECTS AND INSTITUTE 
OF MARINE ENGINEERS 





Thurs., Nov. 24th.—SOUTHERN JOINT BRANCH : College of Tech. 
nology, Anglesea Road, Portsmouth, “Forty Years Change 
at Portsmouth Dockyard,’’ I. E. King, 7.30 p.m. 


INSTITUTION oo POST OFFICE ELECTRICAL 
NGINEERS 


Wed., Nov. re... MEETING : Conference Room, 
Fourth Floor, Waterloo Bridge House, oo. S.E.1, 
me in the Engineering Department,’’ L. S. Hughes, 
> p.m. 


ay ay om OF PRODUCTION ENGINEERS 

Dec ¥ . IRELAND Section: Kensington Hotel, 
College . East, Belfast, “ renting Tools and Lathe 
Development,”’ p.m.——READING 
SECTION : Western Hotel, Reading, “* Budgetary 
Control and Standard Costs,’’ R. Cutler, 7.30 p.m.— 
GLOUCESTER SECTION : Belle Vue Hotel, Cheltenham, “ Induc- 
tion Heating and its Application,”’ D. Jones, 7.30 p.m. 


INSTITUTION = STRUCTURAL ENGINEERS 

Thurs., Nov. 24th.—11, Upper Belgrave Street, London, S.W.|, 
Discussion + the Report of the Ad Hoc Committee on Struc. 
tural Safety, 6 p.m. 

Fri., Nov. 25th.—MIDLAND COUNTIES BRANCH: James Waitt 
Memorial Institute, Birmingham, “ Prestressed and Other 
Reinforced Concrete Work at Ansells’ Brewery,”’ J. E. C. Fare- 
brother, 6 p.m. 


INSTITUTION OF WORKS MANAGERS 
To-day, Nov. 18th.—Waldorf Hotel, London, W.C.2, Annual 
General Meeting, 7 p.m. 


JUNIOR INSTITUTION OF ENGINEERS 
To- an % Nov. 18th.—Pepys House, 14, Rochester Row, London, 
W.1, Chairman’s Address, “ Automation—What are its 
ee ?” A. S. Ladley, 7 p.m. 
Fri., Nov. 25th.—Pepys House, 14, Rochester Row, London, 
S.W.1, Annual General Meeting, 7 p.m. 


MANCHESTER ASSOCIATION OF ENGINEERS 
To-day, Nov, 18th.—Engineers’ ss Albert Square, Manchester, 
* Welding—Is it a es An Engineer’s View,” F. 
Koenigsberger, 6.45 A mn 
Fri., Dec. 2nd.—Engineers’ Club, Albert Square, Manchester, 
“ Vibration,”’ J. H. * Crockett, 6.45 p.m. 


MINISTRY OF WO! 
Thurs. : Dec. ist.—Technical College, Chesterfield Road South, 
Id, “‘ Pipes and Pipe Laying,”’ N. B. Clarke, 7.15 





of the Thermistor as a Circuit Element i in Very-Low-F, 





of Nuclear —? in United Kingdom Power De P 

x. A Ea one J. A. Duckworth. At 5.15 p.m., “ The Use of 
Research Reactors in Nuclear Power Development,”’ H. J. 
Grout ; “ Health and Ag in a Nuclear Power Industry,”’ 
A. S. McLean and W. H. Marley. 


CEMENT AND CONCRETE ASSOCIATION 
Thurs., Nov. 24th.—Technical College, Hopwood Lane, Halifax, 
me Weathering and Deterioration of Concrete and t 
Renderings,’’ C. Hobbs, 7.15 p.m.——-Gas Board’s Showrooms, 
Town Hall Extension, Manchester, “ Essentials of Good 
Concreting,”’ 7.15 p.m. 


CHEMICAL SOCIETY 
Nov. 24th.—BristoL BRANCH : Chemistry Department, 
Bristol, “‘ Magnetism and the Shape of 
”’” R. S. Nyholm, 5.15 p.m. 


Thurs., 
The University, 
Inorganic Molecules, 


qo ee ENGINEERING 
Tues. , Nov. 22nd.—LONDON CENTRE : 
2, Savoy Hill, W. C2 2 * Ship Lighting,” 


SOCIETY 
Lightin g Service Bureau, 
T. Cotten, 6 p.m. 


INCORPORATED PLANT ENGINEERS 

Tues., Nov. 22nd.—S. Wares BraNcH: S. Wales Institute of 
Engineers, Park Place, Cardiff, Recording of Address given by 
Sir Oliver Lyle, 7.15 p.m. 

Thurs., Nov. 24th—MERSEYSIDE AND N. WALES BRANCH : 
Grosvenor Hotel, Chester. Informal Discussion Group, 
7.15 p.m. HEFFIELD AND DISTRICT BRANCH : — Hotel, 

— “ The Treatment of ——. 7. 30 p. 
iow rial Hotel, 
eadlines,”’ F. 
YORKSHIRE 
The University, Leeds, ‘ ‘ Gas “Turbines in Industry,’ J. R. 
Needham, 7.30 p.m. 

Thurs., Dec. ist. —PETERBOROUGH BRANCH: Campbell Hotel, 
Bridge Street, Peterborough, “‘ Foundations and Underpinning 
of Buildings,”’ F. Pryke, 7.30 p.m. 


INDUSTRIAL WELFARE SOCIETY 
Tues., Nov. 29th—Robert Hyde House, 48, Bryanston Square, 


London, W.1, One-day Conference, “‘ Personnel and Welfare 
Problems in the Smaller Firm,’’ 10 a.m. to 5 p.m. 


INSTITUTE OF BRITISH FOUNDRYMEN 
Thurs., Nov. ‘24th—NORTHAMPTON SECTION: Plough Hotel, 
Northampton, “Cores and Moulds by the CO, Process,” 
A. Talbot, 7.30 p.m.——SoOUTHAMPTON SECTION: “ Recent 
Developments in High-Chromium Cast Iron,’’ H. P. Hughes 
and J. Monaghan p.m. 


INSTITUTE OF FUEL 
Ete mio Section: Institution of Civil 
Enginee! t George Street, S.W.1, “‘ Modern Industrial 
Dust Collection 4 ie 2 Stairmand, 5.30 p.m. 
Thurs.. Nov. 24th.—-MERSEYSIDE * Sup-Lecrmon : 


Wed., at 


Liverpool 


* and “‘ A Vector Method for Amplitude-Modulated 
Signals,” C. J. N. Candy, 5.30 p.m.——S.E. ScoTLaNpD Sus- 
CENTRE: Carlton Hotel, North Bridge, Edinburgh, “‘ Auto- 
matic — Reclosers,’’ G. F. Peirson, A. H. Pollard and N. 

Wed., Nov. 30th.—S. MIDLAND CENTRE: Midland .-~ 
Paradise Street, Birmingham, “The Recent Search for and 
Salvage of the ‘Comet’ Aircraft near Elba,"’ Commander 
Fosberg and G. G. Macneice, 6.30 p.m. 

Thurs., x: ist.—ORDINARY MEETING : . Savoy Place, London, 
Ww. “ Tridac—A Large Analogue Computing Machine,”’ 
F. R. . Spearman, J. J. Gait, A. V. Hemingway and R. w. 

Hynes, 5.30 p.m. 


INSTITUTION OF ENGINEERING INSPECTION 
Thurs., Nov. 24th. —-MANCHESTER Brancu : Engineers’ Club, 
Al Square, Manchester, “‘ The Lost Wax Process of Invest- 
ment Casting,’’ W. N. Jones, 7.30 p.m. 
Tues., Nov. 29th. —COVENTRY BRANCH: Room AS, Technicel 
re yess, * The Wilson Gearbox in Modern Trans- 
> G. W. Lusty, 7.30 p.m 
wea ” Nov. 30th. —GLasGow BraNcH: St. Enoch Hotel, 
Glasgow, “ Elements of Quality Control,’’ A. Kirk, 7.30 p.m. 


INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
SCOTLAND 


Tues., Nov. 29th.—39, Elmbank Crescent, Glasgow, “‘ Fatigue 
Research at M.E.R.L.,”’ C. E. Phillips, 7.30 p.m. 


INSTITUTION OF HEATING AND VENTILATING 
ENGINEERS 
To-day, Nov. 18th—MANCHESTER AND District BRANCH : 
ror Offices, Preston, ‘“‘ Thermal Insulation,’’ R. Clegg, 
o mM. 


p.m, 

Tues., Nov. 29th.—LONDON AND District ASSOCIATE MEMBERS’ 
AND GRADUATES’ SECTION : Junior Institution of Engineers, 
Pepys House, 14, Rochester Row, S.W.1, “ eee Automatic 
Firing Efficient ? G. Ludgater, 6.30 — 
Brancu: 25, Comstotts Square, Edinbu mi The Heating 
Engineer and Fuel Efficiency,’’ H. H. Grattidge, 7 p.m. 

Wed., Nov. 30th.—JoINt MEETING WITH THE INSTITUTION OF 

AGRICULTURAL ENGINEERS : Institution of Electrical 
Engineers, Savoy Place, London, W.C.2, “‘ Glasshouse Heating 
and Ventilation,’ E. R. Hoare and L. G. Morris. 6 p.m. 


IN; ON OF HIGHWAY ENGINEERS 
Fri., Dec. 2nd.—Institution of Structural Engineers, 11, Upper 
Belgrave Street, London, S.W.i, “ Soil Stabilisation—Theory 
and Practice,” D.4. Maclean, 5. 50 p.m. 


INSTITUTION OF MECHANICAL ENGINEERS 
To-day, Nov. — ee |HAWKSLEY Lecture: 1, Birdcage 
al a of Matter at High 
D. M. Newitt, 5.30 
Sat., Nov. 19th. —E. MIDLANDS MADUATES’ SECTION : Visit to 
Alfred Hi , Ltd., Edgwick Works, Coventry, 9.30 a.m. 
Town Hall, Luton, 


Tues., Nov. 22nd.—EasTeRN BRANCH : 


p.m.——Schofield Sid Technical College, Park Read. Mexborough, 
“* Safety in the Building Industry,’’ J. A. Hayward, 715 - 
—-—Technical College, School Street, Wisemore, Wa 
“Plastic Pipes for Building,”’ J. F. and C. J. Ciark’ 
7.15 p.m.——S.W. Essex Technical Col . Forest Road, 
London, E.17, “‘ The Thermal Insulation of uildings, "RR. 
Someek. 7.15 p.m. 


NORTH EAST COAST INSTITUTION OF ENGINEERS AND 
SHIPBUILDERS 
Fri., Nov. 25th.—Mining Institute, Newcastle upon Tyne, “ An 
Analysis of the re | of Riveted Joints in Aluminium 
Alloy Ships’ Plating,’’ A. R. Flint, 6.15 p.m, 


OLD CENTRALIANS 
Mon., Nov. 21st.—Grocers’ Hall, Princes Street, London, E.C.2, 
Annual! Dinner, 7.30 p.m. 


REINFORCED CONCRETE — 
Fri., Nov. 25th.—MIDLAND UNTIES BRANCH : 
Memorial Institute, Great Charles Street, Birmingham, 
forced and Prestressed Concrete at Ansells’ Brewery,” J. E. C. 
Farebrother, 6 p.m. 


ROYAL AERONAUTICAL SOCIETY . 
22nd.—SEcTION Lecture: Library, 4, Hamilton 
— London, W.1, “ Aviation Journalism,” Charles Gardner, 


p.m. 4 

Tues., Nov. 29th.—Secrion LE&cTURE : a ag 4, Hamilton 
Place, London, W.1, “The Noise of Jet Engines,’’ F. B. 
Greatrex, 7 p.m. 


ROYAL SOCIETY OF ARTS 
Wed., Nov. 23rd.—John Adam Street, Adelphi, London, W.C.2, 
“ Research in Industry,’’ B. K. Blount, 2.30 p.m. 


D METALLURGICAL ASSOCIATION 
, -B.LS.R.A. Laboratories, Hoyle Street, 
“The Testing of Lubricants and Greases with 
ei "Reference to Use in the Metallurgical 
Industry,’’ H. E. Pristen, 7 p.m. 


Tues., Nov. 


SOCIETY OF CHEMICAL INDUSTRY 
To-day, Nov. 18th.—Corrosion Group : Institution of Electrical 
Engineers, Savoy Place, London, W.C.2, Symposium on “ The 
Protection of Cable Sheathing,” 10 a.m. to 12.30 p.m., 2.30 
p.m. to 4.30 p.m., 5.15 p.m. to 7 p.m. 


SOCIETY OF INSTRUMENT TECHNO!) 
Tues., Nov. 29th—MAIN MEETING : Manson = Fortland 
Place, London, W.1, “ Electronic Computing Methods,” 
A. St. Johnston, 7 p.m. 


WEST OF SCOTLAND IRON AND STEEL IN 
To-day, Nov. 18th.—Institution of E and Shipbu 

Elmbank Crescent, Glasgow, Metallurgy of Nuclear 
Power Production, * ALB. oe 6.45 p.m. 


STITUTE 
ilders, 39, 





